United States Patent |9

Anderson et al.

(45] Date of Patent:

US006004798A
(11] Patent Number:

6,004,798
Dec. 21, 1999

[54]

[75]

RETROVIRAL ENVELOPES HAVING
MODIFIED HYPERVARIABLE
POLYPROLINE REGIONS

Inventors: W. French Anderson, San Marino;
Bonnie Weimin Wu, Pasadena, both of

Calif.

WO093/20221
WQ093/25234
W094/06920
W094/10323
WO094/11524
WO94/12626
W094/27643
WO96/23852
W096/30504

10/1
12/1
3/1
5/1
5/1
6/1
12/1
3/1
10/1

993
993
994
994
994
994
994
996
996

WIPO .
WIPO .
WIPO .
WIPO .
WIPO .
IPO .
PO .
PO .
PO .

W]
W]
W]
W]

73] Assignee: University of Southern California,

Los Angeles, Calif.

21] Appl. No.: 08/856,074
22] Filed: May 14, 1997
51] Int. CLO e, C12N 7/01; C12N 15/09;
C12N 15/63; C12N 15/70
[52] US.Cl o 435/235.1; 435/320.1;
536/23.1
[58] Field of Search ............................ 435/235.1, 320.1;
536/23.1
[56] References Cited
U.S. PATENT DOCUMENTS
5,543,328 8/1996 McClelland et al. ................ 435/320.1
5,591,624  1/1997 Barber et al. ....ouuveevvennnenenne. 435/240.2
5,643,756  7/1997 Kayman et al. ....................... 435/69.7
5,723,287  3/1998 Russell et al. ...coevvvvevenneennnnnnnnnn... 435/5

FOREIGN PATENT DOCUMENTS

WO092/06130  4/1992 WIPO .
WwO93/00103 1/1993 WIPO .
WO093/09221 5/1993 WIPO .
WO93/14188  7/1993  WIPO .

OTHER PUBLICAITONS

Salmons, et al., Human Gene Therapy, vol. 4, pp. 129-141
(1993).

Barinaga, Science,vol. 266, p. 1326 (Nov. 25, 1994).
Kasahara, et al., Science, vol. 266, pp. 1373—-1376 (Nov. 25,
1994).

Wong, et al., Bone Marrow Iransplantation Experimenia-
tion, Abstract 1001 (Dec. 6, 1994).

Primary Fxaminer—Frank C. Eisenschenk

Assistant Examiner—Brett Nelson

Attorney, Agent, or Firm—ZElliot M. Olstein; Raymond J.
Lillie

[57] ABSTRACT

A retroviral vector particle having a modified retroviral
envelope polypeptide. The retroviral envelope polypeptide
includes the hypervariable polyproline region, or hinge
region, and the hypervariable polyproline region, or hinge
region 1s modified to include a targeting polypeptide includ-
ing a binding region which binds to a ligand. Such a
retroviral vector may be “targeted” to various cells for
delivery of genetic material to such cells.

14 Claims, 6 Drawing Sheets



6,004,798

Sheet 1 of 6

Dec. 21, 1999

U.S. Patent

ddT0LdSTdLOSAdALASASAAIAINSTIDOAVIAINIDIAAEAD odd oTdoI300T

ddd0dASdSIISI SALSLLSAdASINTASAdDdVAATIAIASSATIOAdTAANADIdAYAD 0dd otdorjoyduy

| 014



6,004,798

Sheet 2 of 6

Dec. 21, 1999

U.S. Patent

g0LX0" ¥ +ddD IM

0 ddd0dASdSIdSLSdLSLLSddASINTASAdDAVAAIIIISSITID PL-N

0 _ IdAYdD $S-O
cOLx0°¢ AINJIDIJAYEID 6%-O
cOLX8" 1 JOAdTAINIDIJAEID ¥¥-O
cOLXL"1 dSSdTIOAdTAINIDIJAYGD 6E-D
moﬁxo.r dATHIdSSdTIOAdTAINIDIJAYGD PE O
50 1%9°2 | dd0d¥dATIAIdSSdTIOAdTAINIDIdALGAD 62D
50 1%8°2 LN'IdSdd0dVdAIAIdSSATIOAdTAINADIJATID $Z-O
g0 L¥T € mmmwmazqmmmmommm>HmHmmmmqmoamq>mzmem>mmw 61-0
g0L¥S € dLSLLSddASLNTdSAd0dVdAITTIdSSATIOAdTAINIDIAALAD % |-

wo lXL° 1 mmm@&bmmmEmmBmmEmBBmmmMmBZQmmmmomdmb.HmHmwmeMOqubmszHmbmmw R

I93714 momzrrf;rfrf::il::}f:if::::l:::ffl:J ﬁ11111111111\&11111111111_

INOBN IIaavw

. w1 Jowa] =000 as
Z 9 14 o



6,004,798

Sheet 3 of 6

Dec. 21, 1999

U.S. Patent

lllllllllll.llll.llIlllll.l.lll.l-l
4 4 & 4 4 & g & & n 2a h & & & &2 m &2 & h & b h b b & b b & b & b b a & m & b & b b b b b b b kb b b & &

.
|
¥ .
o
H.r....... “"..
g R n 3
& odr IHKHJI.
Sy XA N
o e el
R nﬂax
X ¥ 3 o
) ; _E_ " 2
X & g L EaS
P J EE R E i
e . A 2ot
o - ) P
H...H.___ x“l“nr.n“n nl“n“l"lnnl"u"nq ; ...H...Ht“
T h KA A W T kL
L X o _.1.. x X .
- X TR L MR E R Py
nlrnl"?]nlnllx:nn ¥
" A e Faaoays
e EEN o
MR lnun..nl“__..-a lunanﬁ: ¥k
. m AN N X R
. xnv_nnuxlx -y
X N EA KK |
| w NN E X
N N
- N anu" n lnna:l" x “xn__.
¥ » AN N A e E AN X
) o, R g, RN ; R A A Nk i
A A A AR AREER SN EN N mEE N RN W o
& & dr o o & -
H.rn.rn.r.r.__H.rH.rH.rH.r.r.r.r.rH.r.r.rH.r.._..rH.r.r.rH.rH.rH.rH.rH.rH.rH.rH....H.rH.rH.rH.rH...H.._.H.rH...H.rH.._.H.rH.._.H.._.H...”.._.H.._.H...H....H.rH...H...”....H.._.”....”...”.._.H...”......_..._.H...”.....................H...H...“.r.....ﬂ...n...n.r
.T.r.r.T.T.T.T.r.T.r.r.r.r.r.T.r.T.r.T.r.T.r.T.T.T.T.T.T.T.T.T.T.T.T.T.T....Tb..'b.b..'b.b..'*.T*b.b.b.b.b.l..'b.b.l.l.b.b.*.'.'.
D e e el
b b b b b b b ok ok ok ok h kb A A el ded doohoddddeddedddd deddd dededpddeddpoddrod ded dpdpodedpod droddeod et
b dr dr drodr dr dr dr o Jr dr dr Jr Jr dr dr dr dr Jr e Jr dr Jr dr dr dr e Jr Jp dr dr o dr dr Jp Jp e Jp Jr Jr dr Jr Jp Jp Jp Jdr dp Jdr dr Jr Jp dp dr de Jp dp dp e Jr ip Jr dp Jr dp dp 0 dp =

L T R R T T T T T B R R R T T I T N R I T |
a & & & a2 b s s a s s s s s sk aas s radhadkad s s s s adoa

ey |

Sy g

x
ANCA M X

x
=<
-,
=
_
-
A
-
]

I

E

E N I I A DO R RN RS DA RN D RN DO RO BN RN DN DR RN RN REF N RN U N R O U O R E ar dr A b A o o A o ar dr E ar dr
.r._..r.__.__.._.r.__.r.__._..__.__.__.r.__._..r.r.__.r.__.r.._.r.r.r.r.r.r.r.r.r.r.r.....r.r.r.....r.....r.r.r.....r.r.....r....r..................r................................ i
r

11—.—.—.—.—.—.-rr.r—.lll_.r_.r
T

e

A & & b b oo bk b od A d ddd drod ik b sk h kb A o dd oA d i Ny
F F u« F F & b b a & & & & & b F b & & &b b brhirddrirdrlirdrdirid E B
. . - AT LT AT AT LT T ST T,

-k = - a - T N N I,
Ak w a a d J r w w aa n.ri.ri.rn......_.r.._.r.._.._n.r.._.r.._........._.._.r.__.._.._.ri.rn.._.

.r.r.....r......_.......-mT..r.....r.._..r.....r Pl o d g b b b J dr o b b b A K.
.ﬂ“.r.r.r..n‘ J i d do Jpode b b Jr o eodp dp b b Jr do g b b & b brom
" L...r............ .....r.....r.....r.r.r.....r........r.r................r.r.....r.r.r.....r.r.r.r.r.r.- .....r.r.._ P ......_ o
dr dp dp dp dpdp dp de de dp iy dy dp dp de e e dp g e e b A d d kA bk b

™
..........H....._..._............._..._..._..._..._...........t..........r.................r....r.....r..........r.rn.

Cal;
T N I r I T T U I T T
e T m  a
e e N M
[ [ ] o A .
Tt __.“ u'x __.n“nnv.ln e e
X i XN | . ooy
L) X A o
L nanh. el
X i i
C) 2
N
i n
Xl
P
"l _-"
Cal )
P Al
X
e
R R e
E e
S AR
Ea el N
e
&H&H&.._.q“.-.._....._
R e e R
r & & N
ar e e e R e e e e e LM
R AC L AL MM M L AL or” MM AL N N MM AL M L N
N S = R L N
#H*H..q.._._,.“.___“.-.“.- o _-__-.4h__#k#&t##ﬂ#ﬂ#..###&#fﬂ_-r-
AL M) R AL
' .4.4._._.-_...“-_ Pl
Wi
kH.qH.... .4”&“ n-_-."
e N .
i e W
R
e i W
e e -
e >
E N
C e N ) -
P e
Qe e
dr i i i e e e o x s P
e e e e e " [
de e i e e e e e
e N allll
3 e e e i
E N [ )
I ir e i i i X m
e e & »
o ) lull" Il.-_-
iR e Eax |l _x
e o xm
ERC N X X E X x
SN ) a._..nnnr.l”l" )
e T o n.ﬂ...al-v.v_n:lnnaul
" i | X XA L
i K MoK T ._.l_....q .
i R M X X AN [ Xy
r e S e w
e X uEn X E X EEnN ] - Ty
L L .
hqH..qH..qH._,.“..q.._..._..__...q.._...q.__..._..._..-.4..,.__. W i WAk ...rL:... NN .__.._._.4._._".__..__. L3 ......u;u.q....q...#”...uutu
e e e e e e e o T e o o T e e e e e T o M N T T
i i iy e i e e e e e e dr e e e e e dr e e dr dp e e ie e p e e p de e e dp e r o de de &
N N N A
B N A e e
N N N
D e N N
A e e o e e o e e e o e e e e
L R R Tl U Ul U .r..r..r..r..r..r.......r..._...-.._.........._.-..._....-..._.._....rt.r....__.-...__....r.._.._.

.._.._...t._...t.....v.....r.r.t.__..v.r.._ -
b b b o o

e e w W w W WA r
Bt .r.._..r.._..... X -...........__ e ko kA de h Ak m m a aa A ke e a kel A A
M & & dr dr ko X dr Jp b b b b de A b dr ke b b A A0 o e e N NN T
e M & N i X b b h b s bk s ks s Ak N h N N F I B R R I RN R N R R RN N e e b b b &
O S bk d de g b b de b de M de Jr Jp b dp de b dptel de de dr b & dp b dp e b e b b o b kB kb b
PN NN N ML e e e e e e e e e e e e e e e e e e e e e e e e e e e e b
e ey e e X e de e e dpde ol e d dr e dr e dr b dr deodr dr dp dr dr dr e ode 0 e o dr k

ooy Y
.H...H...H....H...H...H...H...H...... e L |.4H....r.._
S dp a0 w dr
M dr o dr e dr dp i dr L
3 [
ur dp Ay dp e e L
P ]
kT ke =

u e aya e e

a i i L i L
. N
e N o N L I N
T o L e i [} et
e e e e e T e ) e e e i e e e i i e o i L
e a3 e el N o x
A N W) N ) Caa
L ._..+ R ) i Cal ) . x
N e ) - B s
i e e e e R N LN A S ) L
S ap e p e e e p e e * ) L NN S Nl ) X &
L e al a a al ay i e e e L el i a al s a al "
s X ) e i i e e i Bow s
) N A N NN LA L
W Tae e e Ve e e e ey Eaa sl sl el o sl 2l Wi i e i i e .
P Ea ) Wi e -k
e ey e e e > ey E s M .
i i e i i e e i Ea el ol el a5 -
e e e e iy dr T e e i i e e e e W .
i e i X . AN » v LA
e e i iy " P Ll a3l ) Cal
C A ) X e d A e r o
e i e e e e i X ey EaC S S S ..
C el e e ol ) "
e e e e e e e & NS S N ) Wb A ek e .
) E ) W\#&i#;;f-_ L
~Tap Vap Cap e Vip g e Ve iy e e iy Pl ) E R ) %
de e e i i i e e e Xk k% RO R SR ) o+
O N A A A e R o L
E el sl el ol o Ca el ) U o D
e i e e e e e e e i s ) L A N ) »
e e aa a aa a CR W) L N SR NN ) )
S ar e e g i e r i i ) %
) N A N A U N N O NN ok &
~Tip Tip iy iy iy iy e e e e e e e Wi e Wi W w D
ur i i i i i A N Al D s MO ) D
T i e e e e e e e e e e a0 L U ) L
Cal ) e e e e L A R
+Tap Tap Lap e L iy e s al aa a w w w™ o e e e n M
i i L e e e M A A N ) L
Tap e ap Ty e iy e R e S el oy
X i i i e o e R i R e e N .
e i e i e e i e gl e e e e e ) P
W CR O RN i M S W ) ¥ Ca A
~Tap Tip e e e e i e e 2w, Ll a3l ; Cal
i e i i e e e e e N o &
~Tap Tip dr e i e e e e e i i i ) = 3
il al al a al a) o X el N Wi
N a N W i d i e A 2 3
a i i i e i i e i CE N ) Ll ) L
~Tap Tip e i e e e e i i Calalal sl a3 x s
i e i i e i e e e e L N ok &
....H&H&H...”&H&”...H.. ...4._._....41.......4...._._”....._ H :.H.q“u.
e i i Wod
~Tar Tap ap i L iy N -
Ca ) W s
<Tip ip e i ik X N
o ) Ll
e Xy -
) )
~Tap Tup e ae Ve e i "'y -
) L)
“Tie ir e i e e i L
) )
....HJH...H...”...H...H............... ... “.4”..1“
W i i e i L)
Vi e dr i e .
Ll ol LM
CaC ) D
Ea N L)
&
BRAANNNN hata by A
W i i i i i o a3 »
e T e e e ke dr i W e i e e e e R 3
e e e L o Ll
~Tap iy Ly iy e i i a0 ]
N N Ll
e e e e x M )
e a a a al ay Pl L)
Ve ip e e e e e i o R N ) X i A
) EACN M M) o
M P MM a0 Ll
L e ) TR N R o
<Tip ip dr i e e e e e U O S el ) « e
N A A L N O M ) oA
e N A A LA x. -_.-_._._.....rh_”
S el s el ) e _nl sl ) x il
L ACAL A2 N a R IE NN MM L 2l MM ok sl L
o) mw.#kk#tki-ii; Ll
Ve e e e e e e i N S e N RN i b
) i e e W e
B A e N L)
N N N S N L
. &
...”&H*H..“&Hku#”&”f...ﬂ...& Hknku...”.qn.._“...“..ﬂ.._”.......-_...-_ et 1:.”&H4”...H4H4”...“4H.._“........_... : ...”&“..ruu
Wi i i e i i e e A e ) Ul Sl ) LR
T Tip Lap Vi e e e e o e i » dr i i e i i e Ca
de e i i i e EA O s ) L) e i i e e ]
N ¥ X R R ek W kR Rk kR x
Ca s i E L ksl sl ) [) L ) Ll .
e ey e S d dp de deded e de d iy dr iy ey oyl A S 1@
N e el W) Ll s ) Ll
s el a2y U ol el el i s i . ;
A N N [ N -k h
LU RO ) RO S Wy .
R e e Um0 ) L) R
C A Nl o ) W Wk ik L
r &
“...H._q”.q&.-. .4”4.4...4.-....-4...”& ”...”&H#”...”&H&“... W _-_.-H.qu...._.. R
W "y .
) R
Wk i i )
WX i i i i LA
Ll ]
Ll e Wk b
Wk i e i i i i &
Ll ) R
W ki i [l
" L
&
o l...H.aH.__ Wt
Ea M
" i i .y
r e
.
ks
W .
-.;.J.“h_-
.-..-.....ti.__n
& b .
a st
o
LA
.-_.-......._.._
e
N .r.r........v.r.r.... g .-. |l.........|.__|
..T.Tl..Tb..'.b..T .T.:..r.T.T r I .T.T.T [ ....T.r.r.r
.....r....r.;..r.;.....”.__ ....-.. " ....r....r....r I L -_l..... & -
R N N N R AL Al N ML b
LA A Pt A
. &
A e Wy . L R

&
...H...H...H...H...H...H... x ¥ .._.__“.._
_rod i LA
dr e e e e -
e e e e H.._“
Jrodr dp dr de o de dr dr de dp »
PPl o
EE e 1

e e
A e e

.
I R R O R I B I L R

..__t.__ ....rttn...n.........n...”.rﬂ.r” = ....rn.r....rn...u...n.r......n.__ -
A
e g
O o s
e e e i iy e eyl e b
R ol
I e de e e d e i e el ke e
R N e Sl
3 e el dp e e ke ke L
L Al ol al alak al al aC al 3 N
i e e R S St iyl e e
N Nl e
R I L et i
S SR g e
G E NN AL AN L AL AL NN
R o ol g
EEEE ka0 3 a0 a3l al ol st et
o d
A R A R R MR MR M A
R N al al Ll
T L N e it
o o A F ]
e g, L L
Fraa e e
i Lt s
RN N L N
e ae e i Ll
N Ll e
Eaa ke ke k& LR e
R A
iy ke oA ey e e e
Rl b sk

R N N N
o b b b b
F e

sl ) a ey ey
P A AE A A e
N ) L
Ta a e e o aC M e

& ar > d

ro e el e e

AL r Ml
e A i e

v g 4........4.4...4............1._1._1..,..1._,..1.__“

ar i g

ol
N e R P A AL N N
R N M e N N N
e e e N N
Xod ke kg Ak & dr dr de b gk
S N o E ki
e p e dp A e e w e
e o 3 U ey
EE ol aC aC e dr b A Cae i ik
S a0 B N
N &k ko kA k
D Ol 30 A
Ul ) L e e e

Y
P AR R A Rk

Ll

& B &k kA ke
& o b
e

i
o .
#H...H...H&Hk.r.....r
AL R
A4
W ek i
OO
N
ki

Ll
B oA o b & or
L N
W i i ke
ek ki
LM
i b b b b
Bk bk ke Ak
ok ke ke ke
L
Ll et
gk ks
B i i b b dr Ak
B g Nk Ak
ok kb kb N
L e
LN
L M
B i b b A b o
o i dr M M ko
W e e
Wl i e b Ak
Bl i b Jr M ks
L
B ki b hoa
R N ke kA
Bk ok od b A ko
i b dr O & A oa
W i d M A .
B ok kM M A
LA M

Wik Ak b oa
i i b b b A b .
ik E kA A
Wl i i kN A
W bk MM k.

r i

L]

‘e
*-I'

-
i
L

vl
P
Dt W)

L]

aaaa
e
o
E )
X 4-*:.4‘1-
)

vy

L]

2 e e de e e kM W
.._..._..._..............................4...44........................&..__.._.__.__.._.__.__.1
R




U.S. Patent

Dec. 21, 1999 Sheet 4 of 6

Dl e el Sl el e el Ir: el el el e el e el B e et el e e e e e e
A o

)
o
x #-h:-h:-h:-l'*t:l.
DTS S Wy
e e T T
R

&
L
rw
i a

s
W

i
"
.
'

T

e rETET
l.-
F |
3
k|
u
k|
- |

..
"
ﬁ"'

E

R
¥

"

A E_X W M

RE X R E

XX

I|'f..l..- |

L

KK

X
H

-, o it
Al
A |
|

o i!\.l F e

x
)
i
:‘:i:fxx,:ex:e

Y W

i iy

x
p_J

H!-illll:i\!!i! :'!?l

':‘!"h"ﬁn'a”u"xﬂx*a” o,

# }.‘ A a

d i, ”

p

H ]
b ]
|
H
]
x
]
h ]
x
-]

- | |
; ) AN A A

. i l.iml:l":l!-x? .

- W = N_Em ~ M X

= ¥ e

]

"ol -

.hall":x X el

Bl A
N x’!xl:x.

"l

e
o O N NN N W N AN

e

4

N AN £ LA B " - : . n M, !"?!“: X

xa:::::::::f;:';:;:;:;j:% i

2
H“...HH-HHHH N |
il

" o 4

LI |
%
)

P o

r s
I
-]

4

L]
Y
i

A
M AN EEEES

P
ol

.
LA B |
X
SR W |
2 K

T
_x
A M X N E K N NN
- | IHIHlxH!!hlx:\!HIHIII:IHIHIHIJIHIHIHIH
O
_N

]
¥

Ly e i
H!H:H-HPH'

L e
k|

Z!IHHIIIIHI

F :I:l
g ]

. >,
-

I‘IIHIIIIIHIIIIIHK

R E SN EEEARESEFREEERERERE)

e B ]
k]

M
]
Z!“'!xﬂ A

L A

F
-
o,
M M X
F
i h
A
F |

)

g ]
3 .
L]
4 LM A
] R
. vxx*n"%r'ﬂ'ﬂ"r!r X
T W ran'ﬂnx'x'r‘r"'ﬁ'

] J
HJI'HIIHHHFF

-3
L
?!!Hx

W X XK X
X
i?ﬂxl

AL PR
i A
x

!? 0

R
g A

o
Ih?d?ll
s

S

W

)
1)
R R K

¥ .' ‘. ':“
\'*\'_'Jr‘-l‘ll

L
X

Ralaru

h |
L ]
E X X

:‘!‘H

Al Al
] M
> d
I-.EI"IHH-I"I"H?‘?!

et
B e A

ML

F ek rbrrrrfbrlrrrrrrror

6,004,798




6,004,798

Sheet 5 of 6

Dec. 21, 1999

U.S. Patent

Z0°'PEYy ToUPYUD uesu
I9P-N/m po31093FsuelIl LE6Z
000l O

S00°50096LL30o0Md

a9 o1

19°961 T2urYD ueswW
Apoqriue/m po3e9I] LE6Z
000| O

O
LW

O O
N —

O O
¢f")
Counts

O
)

€e00°€0096L13°00MH

49 94

PL*66E T2URUD uBDW

+ddD /M peldaIsura] Lt6C
OO0 O

lﬁr"‘v

O.
ol ,
Omwm
Of o
oV

06¢

P00°"$0096L 1300MYH

J9 J |4

€6°G8l TPUPrPYD ueraw
ApoqTijue/m pa3eaI] Uuou [LE6Z
000l O
n O
Ol
oz 4
omm
Ot O

0%
c00°20096LL13°o0Md

vo O 14



6,004,798

- & & &

-
d & & b & & b kS

- & &4 & & & & & a a k&
a & & b & & & b & o
- s & & &2 a2 & & & &

a =
= & & & & &
= . Ll

L)
L]

E

A

i i i

-
4 & &2 &2 w & m & & & W F E F F E P F @I F P FF @I 1L FF 1 F 1 F PR PP . . P N R I O T L~ R Y
I I T T o A o A T i R e g o g g e e e N T
W & b & b bk &k & k& k& k& ks h k oa k h kb oa kb ko dod i d h d o Jdoddo o h drdeddr i deddd i ddddodd i ok
Jod o b Jp b & b dr b booh Jodrdo bbb booh bk bod oo h b b b bk Jdododoode doode dpode dode dpode dpodr drodr drodr dpodroir de Jpode dpodp dpode podp dp de Jrode Jpobe e b Ao
Jro e be o ode b b b o dr b b b b b b ko b b b b Ak b bbbk bk b hodd bk b hobd dddrddrddoodddedrddooddrddddoddrddrddrddihs s hoa
i e dr dr dr dr Jr dr Jr Jr Jr Jr o Jr de ko Jr Jr dr ko dr Jr de Jr b ko dr Jr dr Jr de O de Jr Je Jr de O Jr Jr Jr dr 0r o Jp 0r Jr Or dr dr e Jr Jr O b dr dr dr dr A & dr dr Jr o dr b b b e b o
& i ¥ Jroh bk b b b b b b b b b dooh bod bk dooh hodododdodrododddddedod i dod dpddddpoddodddrdp o h dododddoh dpohdoddd ok
L N g A L g S A N e I g U U A U A
b dr dr Jr e dr dp Je dr Je dr Or ko Jr dr bk dr dr Je e A Jr dr O Je Jr Jr Jp o dr Or Je ) Jr 0 dr Jr Jr o dr Je O dr o Jdr Jr o dr Je J dr Jr dr de de O 0e Jp 0r o Jp Jr b dr O 0e Jp O o dr b be e b A a

L I

kW dr b e b de b e de Jpobe b b b b 4
dr d de b e e b e lm b bk i
i Pl

Sheet 6 of 6

.-_.__......r.r.......................r.r.r.r.r......_..r.r.....r.r.r.r.r.r.-.._.__.__.r.r.__.r._..r.r.r.r.r.r.....r.........r.........r.r.__.r.r.r.r.r.r.r.r.r.........._..r.._......__.........._......._..........r.r.........r.............r.............................r.............r.............r.........._..r.._.........r....;.................r.'........r....;.....r....r....r...b.r._..r.r.r.__.r.r.__.__.rn.r ki b e b b X PO oy [ R T T T S A b ke O b & i bl b b0 b b b Jr de de be e e de de de de de Je A b o b Jr M Ao
W 4 Jp 0 b de b e e dr dr Jp Jr B Or Gr 0r Or e Jr Jp Je dr de dp Jr Jp 4r Jr O Jp dp dp dp Op Jr kil dr dr Jr dr Jp dr dp O Jr Jdp 0r dr ip dp Jp dp Jp dp dp dp Jp dr Jr de dp O O dp dr A 0r & 0 O K odr & b Jp M O 0 dp o e T A A I oM dr dr & 0 A b & S de dp O Jr 0 O be U b Jp Jr O Jp Jr Ar 0 Jr & 0 O M Or O
.T.:..l..'bb-.l.b..f.'.'.'.r .T.T.T.'.T.T.I.TE.T.T.T.T.T.T.'.T.T.I.T.T.'.T.T.I.:..T.T.T.T.T.T.Tb.b-.'.' .... .T.l..T.l..T.:..T.l.b.b-.l.b.b-.l..'b-.'b.b-l.b.b-.l.b.b-.l..'.'.' .T.Tb. .T.T.r.rl.' T.T.T.T.T.T.T.T.T.T I .T.r.r .rl.r.r.'.r.r.r.r.r.r.'.'.r.'.r.'.r.r.".'.‘. , .T.TI.T.'.T ﬁ‘b .r.r.T.'.r.T.r .T.'.T.T.T.T.T.'.T.T.l.'.'.'.f.'.'b.b-.'.'.'.' .T.T.T .T.'.r .T.T.T .T.T.r.'.
'.TH.T.#&.I.&.*J.I.&.*&.I.&.*&.*.T*.T .rb..' . .T.T.E.T.T.T.r .r.T.r o & iy R Ty e L) . l..Tb..Tb.b.....Tb.b.b.b.l..TH.Tb..T...b.l....l..Tb.l.b..Tl.b....b.l..'l.b.*b.l.b.*b.l.**b.*.'...**.'*.' .Tb. .T”.T.T.r.rl.r T.T.T.T....T.:..T .T....TH.-.T.T... o F ] H.T.T .r.'.l..T.T.r .T.T.EH.T .r.T.T F ] .T.T.T.T.T.T.T .T.T.T....T.T.T .T”.r .T.EH.T .TH.T .T”.T.T....T.
. R RN, X e e e e e e e e e e e e e e e e e e e e e e e e e T e U ; Ay e e e e e e e e e e e e e e e
& i dr ; IR 3 N N W e e e e o ol N
NN s e e T b e DR T L
- .l....._...._..............._...... | .T.r.._..r.r.._.t.v.r.-.v.._..r.r.t.tk.r dr dr Jdp dr dr Jdp dr ip dp de dp o dp dp dp Jdp Jdp i s g orodr o dr dp dr dp dr dr o dr dr o a Jod dr dr dr dr B 0 o dr Wl Lk ok oa &k b kA kA Jrok Jpodr drodp drodr de dr de dp dr o dr e B dr B e dr o dr 4 & dr 0 dp .
£y x N e ol dp 0 oy e e ey iy i iy B Ay A de b e LA ; ; R e el
s &k i N .T.T.T.T.TE.T.T.T.T.T.T.'..T.'..T.T.T.T.T.'. 5 dr b odr b 0 O Jr b 4 b dr b odr b dr kN .'..'.b..'..'..T.T.T.T.r.T.T.r.T .T.T.'..T.T.T.T.T.E.T.T.J..T .T.T.T.r.f.'..f.f b..T.T.Tb..T.Tb..T.T.T.rb..T.Tb..T.T.T.T.T.T.T.
! S P PN N O NN E A o8, T NN N N N S N N e, JE N N S N O I N N T e N N NN I et NN N N e
. ko Nk ok ok e e L I N N N N e N ) e N e e
! WO bty i PR, o N S ) N e o
ECN N el N I dp e ey dp el dp o dr U e dp g ke M g i b e e ke Mk I dr e e e e E N a e a al a a aa a a  a
) ER Al ) e I A okl ke Ll ) ! e o o e
¥ i ar | a e e g el e e e A ey iy iyl e e My dp e e O e de e e e ¥y el e g
s gk r kK N N N N X N N R e g e N e LN N
i i & ol A A dr A W i Jr dp dp dp e dp dr dp dp dp dp dp dp e Jp dr i dr dp dp dp dp dr dr dr dr dr kO oa arodr dp dr dp de dr o dr BEH h Jrode h dr dr dr dr B d dr dr Jp o dr B dr dr Jdp e dr o dp A dr dr g™ Jodr de drodr o IR . o & dr .
N e L e -1 Ko A d e a g N g E ey e T 3 i a
e o e e P o T  a a ; W ; I T I I ot ol o e o e o S o P
e e ' e N 4 T e e e e e b e e e ap e e EEA e el Ea
) ) L N W) N N N i d Kk kA kA ' N N ) e o RN A EaC A
e ] R N ) o b I dr de dp e o ar il Ik e e A de e i e e e e W ke bk W W a ae ) EE L wt Eaa aa k)
; dr e iy iyl i e iyl e P e e L ey e arde A de d e ke el e
L kb g dr ke dd ko Aok i Kok ke ke ko Mk e NN e N g ) N
dr gl Vi iy i el e e Ltk ke o LA A L e N EE Ny o o e N
¥ st p dr ey e ey i e a e e e I dr e iy iy g E e e N A
X 2 TN M NN NN M NN M NN A e e e e e R R N N A N N e e e e e e e e e e e e
NN R, M NN NN N NN NN N N R I L g ¥ Ay e e e e e e
L W drd ki ki ol iy e i e d e b i Ll K i iy b0 bk a LI e o N e af kN
s o ey ) ap S e dp e ey i e e e e e e ar e d e a a e W ey e e eyl e e e
X o e e e B ke Ak ke e X N R L e e o g W e e e e e e e e e e e e e
e EN Wl ey e A e A e e A L e o e e e ey
s dydr i Ay Rk dr ki e dr A Ak Ak ke ke a e od ko ke e N
i oy irdr A & i e i i ke o L st e o N
* dr dp gyl e e ey e e e e e I iy e iy e iy g iy e iy e e
* ! Ay dr A e ke R ey b A& A Ko A d d A A a eyl e ek ke kN kA
N il iy dr i e dr 0 i e e e e b iy dr e de e e ek I dr dr e ae a N b
i 3 a iy Ay A e R ke b iy el e A e o Iy ey ap e e e e e
N S S 1 o T N w T S
e P a e ey g i ey iy dp e e e e de ok iy ip gy dp il e el e e Ay ke ar iy e ey e dr dp dr gy ap e A e e gy e e
iyl ey el ey e ey ey e O i ey i el e e A e Y de i VT e T T e e T . N N N e et ¥ I el e e e dr ey e i
B dr e d e e de e e e e a0 ar i e d ki i e dr e e dr e & r e i e i b dr drdp dr e e dp 0 A de ik e e e N e e e e Uy e e e A e e e e iy dp 0 ey e e e e e e e
e AT e a a A iy e Ay iy e e eyl eyl e e e K Nk LA N s e g s ar dy dp ey O e ap T p e e e ey e ey ke
- o g ) gy 3w ; Jrdr dr dp ey de eyl e e e e de e kel d e b gk b ke b Ak e e N el e g
. S L N N N e D RN N e N R B N LR o AN M D A AN M N N D AT N 2 S PN O LALLM NN 3L N NN N ¥ e N N N N I T RN N N e ] O N TN N N T NN N I PE RN N e LN R N e
ﬁ Sk d kR kN i oA ke b d d NN ke a ki de ke 3 Wy e eyl e d e ey dr e ade i de kel bk ke ke Xk b e e e e A e e e e ¥ N adr Ul e ke e dr de ke ek e dp dp el e ke ke Nk N N
I dr ey e e a e e A e e e e O e de A e dp e e X i e dp e e e p e i el e e o e el e e iy e e e e I e e e dr 0 e e e e ke a0 i L Nt SRR EN Pl ¥ e o  a  aal aa a  Ea  aE EEaE a a
v iy i iyl e e el e s e a aaa L e AU o N ey T EaCN o e
e e o T e e e T e o e e e e T e e e S e A I Sl ¥ .......q............rﬂ....ﬂ%ﬂr... X a dr e e e e T e e
W e p e e el iy ey e e ey e e e ey ey dp N dr Oy dp eyl e dp b ey e ey e e e e e drdr a ey o T e Eal ar e ey e ey e dp e ey e e e e
w ir iy iy i ke bk I dr Uk dr dk ko d ok ko dr ik o N e Lt ; ERE T o ¥ N N N N
Wy ey e e ey e e iy i e e ey e 0 ey il dr e dp e e dp e i b e iy e dp e e e by e I drd i X e e e e e e e e e 0 r dr e iy e ey e ey e e e e e dp e e i
iy iy dp i e d e dr ap e a d a dea N N N oy e d P e e L N N A R i
W 0 dr ey dr e e e a i Tl o de Up e e dp de e g odp drodr e i il dp dr e U e e iy Ui e dr e iy e dr e ek i bk e ke X ok ko koK B e e ke el e ek e e e e ey e e ey e U i e i i e e e dp e e oy e
CE e R a aE a  a a L ok ke Ltk L e N ..1..............._..%........._.....&...&_................................
By ey e e g i g e ey dp g iy e ey dp ke dp W dr iy oy b e dp i e eyl e e iy ey iy e A o e e ey e e e e e Ty e a Ly ay iy Ty ey ey e e iy e e
e d dr i ke d A i kN Xod ok ke a Ak i L N N aaE b odr A Ak L g g R N N
N kg i d T e e RN N drdr e ir e e e drdr e e iy i e e e e g 0 e e ey I de dr e dedr ok ol ) ks N e
iy i i iy e e e o iy iy i e i el il s I e e o e o N N el e el e
N g N N N dp W dr ey e e e ey e e e e e e e iy el e e e e A A e N e r*rk“n&r#k##&k#k...kkr*krk -
w e r iy e e e I e 0 e dr e e e dp e i ek L 3 kN e el o e LAl o e e ) I e d el d e e i e e e e A e e de
B e i ey e iy e e e e e g ey g e e iy iy e ey ke dp iy dp ey p T Sl iy iyl e ey e ey e ey e e gy A e e e e i e e e e e e e e e e e e Ty ey e A ey e e e dp e e e ap
m iy oy ek e A U e 0 e S e el e d e i el i ek i dp e eyl Wyl g ey ey de e & d ey e e ke ol ke d ke Ko N d A A ke i e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
O N M Jr dp e e dp e e e e i el e e e e iy e e ey e e e e ) F o e e e e e e e e e ey e e e e i ka0 o na a a a aE aa  aa aa a a
iy i iy e e e e e W Iy iy ey el iy el i b iyl iy e O e e LA e s e e ¥ arTa dr e
g N w dp e dr ey e ey e e e e e de e e e el e e b b R A e e  aa aal a aaa aa P
C el ko el : L e Lkt sl ol o e e e N e o A ) EaE o X ok X k¥
Wy ey e e e iy e i ey g e ey dp i el i Sl Sr iyt S ey i e b ey dp ey e iy e e e I a e o P e E
9 w e iy iy e ey e U e e il ok e g iy ki o e N N N N Ko b i ki e R N e N N N NN e ip dr e dod i i EaC
o ke W dr dr dp dp dr e e i i e e e b ey dr e e b e e ) A A th e el e de e ke e e e e e e e O e iy I dr e e i ar a e ar Ea
P I L e e  a  a N oy N R A A e e i i d
dp e U e e dp ke e a el ey e e iy dp i iy dp U ey e e ey dp e e e e e de e e iy el e ey ke i b AL I d d ke ke ddr e g N N Ll d R k.
Uil o e e N Nl e L e o e N Ll N e e b o A ) I e i a a i e W e e TRy b ey
o e e e ol el W e dr iy ey dp g iy e ey e e ey e e ey kA I dr ar e d A e e e e e e e e e e drar e e e iy e iyl ey e ey
9 L e ke e e by e i WA ke b i by b b mw}.#**&**&k..#ﬁ....4.4...&.4#.4.4.............4.4.........#rb e L e N o A N
N s ) B dr dr dp dr e e e dr e e e e e e e e e el e a e ) e el e I dr e ar ae e e e e 0 e e dp ke X
S N I e L3 L e e R i Tl r rdp e e i e e e
9 B e e e e e d e e e e dp e e d ke b e e e g d e M e e e e e ey e e e e e e e e e e dp e el e bk ke A L Xk ko k kd N e e e e e e I dr ek dr dpdde dr e ke ke doddn e d N
LI k) [ e Ll o e N aal at e el N
Wy e iy e ey iy e ey e e e e dp M e dpdp ey iy dp e iy i e e ey e e iy Sl e e e I ap e i r TP ap By dr ey iy ey e e e ke
b iy iy e e e e i e e i A ke I de dr ey el e e e e e dp e ke R e b ke b d ke e e Iy dr e iyl e e el d e ke de & ke ke
N o N N pir o drp dr ey e e e dp dp e e e e e e e dp e 0 e W e g I ar o a ik I dr e e dp e iyl e e e e e e e
B iy iy e eyl el iy ey ke iy iy Ay iy g i e ey ey el iy e a ey e e Nk a ke e e e Ky ke 3 p ar iy e e e iy e el e e ey
@ dr U e dp 0 e dr dr i dp g ke by g U e o dr ke b dr kok d kb o Uy e dp dr U e e dp d e e e iy dr e by dr e e e bk e g e a X dr 0k iy o N ) I b dr e dr e e e dp dr e ek e b drd bk odr K
Cie e o A e e i a k aE  E E E  aE aE a a al aa a Ll ks o ol Nt o Nl Ll A
- d dr o ap dp ey e e iy dp e eyl e iy dp U dp dpdp e e dp iy dp e e dp g iy e e e iy e ey g e ey e I dr a ke aa & o e e e L e
1 Ly el e eyl el Ay kI e e b N N N e N N b el el e e e el e d d
A drdr e A e dp e i e dr iy dp e dp ey e e e e e e e o e e il b e ke I dr e b i A e ey e 0 e i de a0 N e N
. I . M M x e e ) L i aa et 2 o e e el e Ay e ey e iy iy e e ey ey e ey
& ar N dp e dp e e O e e O e ki ke e d e Ak ke kL b a Xk ko ok ke d X e ) I dr A e e dr ol i e d kb kg de e b g de bk ik
i i L e N ; L e e aaE a) el A Ll ke ol af I ar d e a i e a L el e
* i dp iy e e e e e e iy dp ey dp e e e ey e iy dp iy dr e ey g ke b E ey ey e il ap p ey y Uy iyl e e e ey e e e e
Ll A N N N L N e ! A dr e e el ke d ke ik e q...k&...#%... ) i bk A A 14 N N o
-, & ik ok R dr drdr dp e dp e e e dr dr e dp e e i i #W&#kkk##&#&##kk#&; i dr dr e dr e d  k h ar dr dr N drir e e dp dr e e e dp e e g e e dp e e e d ke
e A dr T dr e i iy gy e e * e a a  a arak a E aal L ksl o o )
ke ok ik k i Cdr e e e e ey de e ey de dp ek p dr Sy iy dp e e iyl i e ke b e ek ik A e dr de e bk d ke kbR I dr dr dp i dp e dr e dp 0 eyl e e e e e e Ul e e dp ke dd dpke
U sl 0 ol e dr e p iy e e i e i Lk 3 e N kSl ol N > L0 E 3 3k 3 ol al kel Lol et o A k aE ar al  E ar alaE a aE al  a E al
1 N 3 e N - e & ey dr U dp ey i e e e g ek dr dp dr e ey g g Ak g A A drd a ke d dpdrde g ey dr e p e e ey dp e e e e
o i dr dr U e iyl i e g i o [ N N N N N L ke iy i iy W ip e i iy e e i el e dp e eyl iy
drdr i i Sir ey dp e e dp e e e W dr e p o drdr 0 p i e i e Ll N P A ) dp iy dr e de p e ey e e e e dp e e
Wy i iy e N A L L N A A M A e e e e e WOy dr e N A
L I e e Cdp ey dp O e e dp d iy i iy dr drdr e ir dp i e e i by e ke W dr dr b e by 0k b ek E I dr dr b g dr ok dr dr U dp e odp 0 e dr ey e e e dpodr dp e e dr e e 0 e e ke b i dr X
2 L I dr 0 dr dur dr i e ke * e N E N N A e & Ca R e d ok i kA O AL NN A ks Nk
L e dp i eyl A e iy e L s dp iy dr by e e a ar dp ap Ay dr iy dp e ey g e iy e e O ey e e ey Sl e e e e e e
ok a I dr U ey dp i e de i e ! W e dr e e de el &y kR o b odr d dr ke dp iyl ey e e e el e el iyl e e b ey ke
& dr i ; Ty e Uy e iy e i ! i e dp dr e e r e i e i e e i dr e e de ol b ke bk i dr dr ke ar dr dp dr ey dr e e e dr e e e dr e e g e e dr e e e dr e e
W A N A e 2 ; L L i aars Ul ksl e
L A ok et e i ; dp e dr i e e d e e d e e b i ke dr e dr de e b g de ok ke bk I dr dr ke ke d S dp e dr e e e de 0 e e e e b e ey de O e e ey
L e e ke e A o Tl Ll sl ol o L o A N
W ar e dp A ey e e g g ey g ey dp g i ey iy e g 3 iy by iy eyl e iy ol i e g A I dr e drdp dr iy dp iy g e e ey dp e eyl i e e e ke
By e A U e e ke ar i e e e e de e o N ) Bk & e &k ok ke ke kK ko ko dp iy dp e ey il el b & A gy & de &k k&
& Ay iy ey e e e e e e ey e i e iy e i iy Ay dp sy i e e A e e e W dr e i d i ek dr dr i b e i dpdp dr e dp e e e ip b i e e e dpdr e e r i el e
N N e e e U el N Wy dr d e "y N
L N g N  a S e iy dp e e dp i e ey e e e o W e el e dr ki i ik b dr dr e e dr i dr b i dp dp dp pdp 0 e e iy dr e e dr e dr e e de dp ol e ek ki ko
e o e kN L e o O kil N Lk bl ol o wtﬂ.._..._. e kil aEE N kel )
n v N e  a e N P ...".Jn ¥ dpdpap ey e ey b e e e e e ey e e
N N N el g b e L e N N Lk Pl e N
L o N N e dp ey e ey b e e e i e dp e e e e i e ek I dr e i i ...M...q iy iy dp e dp T dr e e dp dr e e e e dr e e e e
By oy e e sy O e e ap g iy e iy e e  a a  aa a N A  a s L) ", iy iyl Ayl i b At i e ey
N g N NN Ly dr ey e e e e dp eyl e e e e g de e ke g dp b e g ke b dd dr ke ke dr i Ay & dp iy dr e ey e e el e e dr e e dde dp ek dr ey
e . e ot E wal ke kAt N ) e kel N el ke El o st o i & L i aE a  a aEa a alal aE al aka
el e - dp Cdp iy iy S i e e e iy b ey b U iy iy e e e iy g e b e iy dp iy o ) dr dp dp dpdpdp e e e e e iy e e ey el e e
L N N N N N e N Ca ) ik ke N o N
L N s e o dr 0 e dp i e e e d el e el e e el de e dr kb bk kA dr e e e e i ar e R dr dr i dr e dr i e e e e e e e el e i i e
B dr iy e A e iy iy e ey e iy il i e L s kN Ll o) A N ST L o e A dr Ay iy e il il iyl i a
- L g g g g N AN N & dr U e ey iy e e e e e d R & & dr i ekl bk g d b ek kA X drodr ok ki & L e N N e A A e g ke b A Rk &k ke bk de d ke d k.
e xS  aE al a aa o e a k aE aE E EE aE  E aE a laal a E a LE ko A i el e e e e e i e i ir e i I i & i
o g s A A dr 0 e iy e i e e b ey dp ey syl i b e et e ke e b iy dp i iy e s e e el o MR
B0 dr iy ey Iy e e dp e 0y odr 0 e e dp e r d i e e A N N N N L o e e T .__.Hl.._ i iy b i e kKR i oy A A iy
L e o N W dr 0 ey dp i e dr e dpdp e dr i i e e dr e e e dp 0 i e e Y . I dr e b i ...U...._..._. A mx Jod A i g W ##k#ﬁ”%&#t i p dr e dr i e i i drdr
By po e el dr i e e g e iy i e iy i e e  a A A R Ea L N ¥ e Ll NN ) * Ll N A Ay
e ey dp iy A e e d i e e eyl e e e dr k dpodpo N dpo e drodr ok ek dp dp dr oy ey o iy e e b e iy dp e e iy i ek e e e dp ke e ke b dr dr dr i iy ¥ W e e e ¥ & kK k& Ea ¥ Wt i iy e e drdr e W dr ke
B dr e iy ey e e Ay iy il ey e ey e e e iy i e L e e ke e aE el N M N N Ll a3 L ek M EaL ol e ) T e i e i o i e A Al dr i A
g a a  aa a r iy dr iy iy i e iy e iyl b e b e ey dp ke e iy dr e o N N N e A ar dr dr ¥ A N iy e A
By el e el iy e ey i N N A e N A ok Ak ik N e “i.......k ¥k K E AN N .__..._.L._m! ) P ol o N N & A Ay
L e N A N W dr e e ap e e iy e e e e e e e e e e e dp ol b e g b bk dr dr e ek i ar W b & B Xk X kX i dr e kW I dr dr e dr ko | W J Eal ) W dr e e de e i R i dr b A
D e g el e e A N ol s " Ea ) JT._ Eals a3 e o e ks
I e e e e e e e e d ki de e U e d e e d g ke ke ode ok O Iy dp Uy ey e e e e e g O e el dp e e e e dr e e e d b b ke LA I d b ke ke Wk o Pl - i e T ...k...H&l.-_ dr e i e de e B dp e e dr e e e e drde ek
L o a a aa a al aaar aE EaE ala a L e N Lk bl oo 3 e T L S ok 2l e N Lk o
iy iy iy e e iy e e e e ey e ey gy ey dp e ey e iy dp dp ey iy g i e iy e iyl e et e iy iy e b eyl ey e e e dr dr drdp e dt P o g, x W .q......l" ¥ L e e e i i it o
N N A N N N A N - s ......H-.t_-i.__. I L NN & X R d il N N
e e e e ey e e e e e U dp e e dp e e e ddp e e dp e e e e dp e e e dp e e e ip il e e e e e el i e e e e g 0 e d P N W, ok E kN .._1..-'#? ¥ ar a b ke d e e e X dpdp dr e e dp dr e el e e e dr e e e i g
D e e  aa  a a  aEa al aa Wi iy A e N o L dp iy ey iy e Sl iy e i e il i e iy
e iy Uy dp dr e dp ey e e e dp U e dpodr 0 e dp e dpode e e e e e 0 e dpodp e ey e e iy iy e e e e iy dp e e e dr i e e iy g e e I dr ke i Wk i bl e e iy i dp dr e ey e e 0 e e Ol de oy e e il e iy
R e et o ke e a  ar a a aaa a al E a E a E aEr E aEE kil aE E aE E aEaE kN ok s Ll al wr ol o) ; iy i i .-_....._._...-.-..-l.m- Lol il aE aE E E E aE kel ol kM a
N e a  a e N Ea aa E N N o dr i W Ay dp iy iy dp e e b e ey e e iy il i e ey g
B dr i dp e ey dp U dp e dr e e 0 dp dr dp ey dp dp i el e e e e e e iyl e e e e iy e el e ap o ey ki &k ke i b e ) L ) A RN MR N NN A o
ey Uy p ap ey ey ey dp g e ey e e e e p e e ey i e e dp ey e ey e e e e e b R dr b e dp i e e e i e 0 . I dr i i e B dp dp i e ik ol iy e dr e e e dpdr e e ir i e e e dr e
DN N N A R T Wiy e ey b oA A
Jr drdr ey dp dr U ey gy e U ey gy Up dp e dp 0 e dp U dpdp dp e e dpdp e e e dp e iy e e e iy dr e e e dr e dp e e ey e e e dp ol e e e i e oy e e el i iy dr ki iy dp e e e e iy e e ey i e e ek
L A kN N al a al aa I i dr e e e b i A k)
arp e ey iy ey e e g e e e g gy iy e gy sy dp 0y iyl e e Sl ey e ey Sl ey b e e Sl e iy iy b e iy iy i e e ey g ey o iy Ly dr e e e o e ae e aalta) &-_T"%-_. i Yo iy dp iy e b e e b e e iyl e b ey
Bk i i dr ke Al e dp i e ey e e e ey e e el e e O el de el el dr e el dr e o d A A dr ek d b bk e ke k) Kok & & & A d ko X od ol k k k kN Nk Cd k& ke W i A N o N
dr dr A ey e e p i p e e dp e e p e e e e e e e e e e e e e e e e e e il e e e bl i el ke dp iy dr e 0 drdr e gk ik I e dr e e a e ar ap i e ar iy Ly dr i A dp dr e iy e 0 e e e i e i e dp e e e e e e el e
L e e  a a  a aa  aa a  aa a a i i iy e iy dr e e e iy g i ey W dr iy iy e iy e ey b iyl e e e
Iy ey e U e e e e e e e e ey g e e e ey e dp ke e e e O e e dp e e dr e ey e e iy dp e e e iy e e e e e e e ke e e de ke b e b e dr dp ke kg e i ke o e N N S Wi dr e Ay e O e e dp 0 e i dp e e de e ey e dp e el
L e ar k E aE  aE EE E  a E k k aE aEal a E  a a al e L o a3 o o e ok Nl ; ek A
e e e e e ey e e e e U ey e Ly p e e ey dp ey dp dp g e e i ey dp e ey iy iyl e e ey dp ey i e e e g ey e o iy dp e el e e b o N ) dp iy ey dp ey oy b i e ey e e ey e e e e
L N N N i i e o e i iy N L e e e e N M e N
R N BB RE AR ARl 0 F AE E O A L aE BEAF OF AE L O A0 OE o8 5 AF JEF S C S a0 OF L F IE S L L o L Sl L A0 AU SE b L Sk L aF 3L AE 20 A L P A i e e A N M e A DN Pt et NN I E DT NN D 0 DTN D M B 0 NN N N A RN N N A e M e R0 MM M e RN M e A N M 0 P
1 Jr dr U de ek ko d ko X e d e ey e b de Ny ¥ i dp dr ey odr e e dr 0 e e e dp e e ey e i ek ke
Ll a3 aE kg Iy i d i e e ki i e A ki aEE el al a ala
iy Ly iy iy iy e i dp p p ey b ey sy e e i e e ey e e g
I iy e ey e i I ip e i b 0 e e ki i & A N
drdr e e ap e e ol Sl ok ok ok dp iy dp ey e e ey dp e e e e e e e e
Wi iy b e e el e iy iyl iy i iy iy dp ety i e ey e
e dr e e dr ey N N dp e dp e ey e ey e e el e dr e e d ke
Ll a3 ) L ) k)
r dp dr d ey . N e dp iy ap e iy dp Sl ey sy e iyl i e e ey e e iy e
o o I dr d Ak e d e & L o
dr dr b e i I dr e e i i ip dr e dp e e ey e e e e e e e e e
s ol iy iy de A e e  a a a aaa
iy dp 0 b i e b i ki ko ko i dpdp dr dp iy dr e iy e e e e O e ey e e e
LE o Ealal aal o A E E E aE al k  al il ks
iy Ly i ey i ar dp iy idp e iy dp Sl eyl e iy i e e ey ey e
Kok ik ki L e N
a0 ki X drd ik A ip dr ey e ey e e e dp e e e e i
U S L dr dr A a A N e e k)
dr dr i b i e dr i iy dp e iy dp eyl e e e iy e e dp e ek
L ) o 3 kbl kb al
iy iy dr A Ea A iy dp e e iyl e iy iy e eyl i el e
L ki &y dr A d dp e e a Rk e &y dp i e ke d de &k )
. iy e i EE e N i dr g e e dr e e i e e e dr e e el e e
ks ar e L A e e a a  a aa a aa aaa a
! i dr o dr ke dp dp dr oy e dt i e ey e de ey e dp e e d e
LE ok aE iy dp A iy L ok i E ak al ks
k) iy g dr iyt Sl i e e ey e b eyl e e iy
ko ke kR A i de Ak B WS K Ak ik e dr dp A ke A e & de & dr dp e
drdr i Ao e e i e e dr b e dp i e el e e
Kok A i L e A
q”._..”.qH.q”._..”.q L) .4H4”4”&H...”...”4H...”4”4_.. .._..__....4...4_..._.....4_..4......”4”..”...”.._.”...”...“
Kook ke kR * e e e ) LA N
ardr i i LAl sl al & i ik
N i * L N ; A
Ea ) W e e e e e il e i e el ey
LEak aEal i A i E aE al al al o Ll e
Ea ™ dp iy et iyt Bl e iy g ey g
Ll i o e N
I dr dr b i W ; i dr e el e e e e
Ul ol o) ¥ e e s
& dr ke ke dr i dp dtdr e dt dr e e e e e ey dp e e b ey
Ll ol ko ¥ Lk E l aE o al ol Ml
iy dp ey Py iy dp e ey dp e iyl i e e e ey e e e
¥ oA Ak ki X ur i i ; A o N
drdr e e i o ar i ; dpdp dr e ey e e B e e e dp e e e e e
A a3 : A A N
iy dr e iy A ; N NN A Ll e i iyl e dp e iy dp e e e ip i e e ey g0
I i dp dr e r b [ N L e ol
dy dp dr e E N, ; iy dp Cdr ey g i e e ey e e iy iy e e iy
L X i iy dr el ey ke e N A
dr dr dr e ip e b Xk d ko X ol b dr e drd i Ay iy dr e iy e iy e e e e dp e e il e i
) ardr iy e I A ey Wyl iy iyl i iy dp el e e
dpdp dr e e el e e e e e e e e e e d e e e ke d ke e d dp e dr ey el ey e dp e e e e dr e e dr e e i i e g
L e ) ! e o kg
Wt dr il dp e g e e 0 ey dp e e e e ey e ey dp e p g e dp dp ey dr iyl i e ey ey dp ey iyl e iy ey
L N N ik e dpdr dr A A el e d g e e e dp e d ke A R & de d ke
A kL Nl kbl o X ik dp iy dr e dpdr e dp e e e dr b e e dp e e el e e i
L N e e A N N
iy dp e e e e e ey e e dp dr e e e kb b e e e e b dr e kb ok dp iy dp ey dp e ey dp e e el e dp e e dp e e e ip i e e e iy e e ke i
L e ) L N kT kL
drdp e iy e e ey i e e e e e ey e e iy el iy idp e iy e e ey O e e dp e e 0 e ey e e eyl i e e ey de e e
L o N N N ) I
dpdr e e ey e ey e e e e ey e ey e e dp iy dp e iy dp e ey dp e e e e e p e p sy e e ip i e e e e e e e
Wi iy ey el e S e e e ap el ke N A e a E  a A
dp dp U e e dr dp e e iy dp e ey O e e e by g ey dr kel ki ke iy dp dr e iy i e e ey dp e ey e e e dp e e ey e e el i e
L e ko r  al ol kN o kot e L ke ko aaE ol
iy iy dp ey e ey e ey e e e e g e e e e ey e g e Uy dp g ey g e ey ey dp e e e g e e e p dp e ey dp e ey e e e e ey el e e
L N g N N A N N N A N N N N A N
e N N e  a  E a  a  aa EE aE  a
L e g
o N g e e e g
A P N N D NN D N N N D N N D SO N D N e D N I D NN N N N D 0 A N 3 AN N N EaEICIE 20300 S SE 0 2E 20 Al At 2E 2N

Tr"'.'.'.".".".T‘.'.T.T.'.T‘.".T.'.T.T.'.T.T.'.T.T.'.T.T.T.T.T.T.T.T'.T‘.".T.T.T‘.'.T.T.r.rll-1-..

U.S. Patent



6,004,798

1

RETROVIRAL ENVELOPES HAVING
MODIFIED HYPERVARIABLE

POLYPROLINE REGIONS

This invention relates to a polypeptide which 1s a modi-
fied viral envelope. This invention further relates to “tar-
oeted” retroviral vector particles. More particularly, this
invention relates to retroviral vector particles having a
modified, or chimeric, envelope polypeptide, wherein the
hypervariable polyproline region, also known as the hinge
region, of the envelope polypeptide 1s modified to include a
targeting polypeptide including a binding region which
binds to a ligand. The term “polypeptide” as used herein
means a polymer of amino acids and does not refer to any
particular length of polymer. Such term also includes post-
translationally modified polypeptides or proteins (e.g.,
glycosylated, acetylated, phosphorylated, etc.). The term
“ligand”, as used herein, means a molecule which is capable
of being bound by the targeting polypeptide. Such molecules
include, but are not limited to, cellular receptors and extra-
cellular components such as extracellular matrix compo-
nents.

BACKGROUND OF THE INVENTION

Retroviral vector particles are usetul agents for introduc-
ing polynucleotides into cells, such as eukaryotic cells. The
term “introducing” as used herein encompasses a variety of
methods of transferring polynucleotides 1nto a cell, such
methods 1ncluding transformation, transduction,
transfection, and transinfection.

Retroviruses typically have three common open reading,
frames, gag, pol, and env, which encode the structural
proteins, encode enzymes including reverse transcriptase,
and encode an envelope protein, respectively. Typically,
retroviral vector particles are produced by packaging cell
lines that provide the necessary gag, pol, and env gene
products in trans. (Miller, et al., Human Gene Therapy, Vol.
1, pgs. 514 (1990)). This approach results in the production
of retroviral vector particles which transduce mammalian
cells, but are incapable of further replication after they have
integrated into the genome of the cell.

Thus, retroviral vector particles have been used for intro-
ducing polynucleotides into cells for gene therapy purposes.
In one approach, cells are obtained from a patient, and
retroviral vector particles are used to introduce a desired
polynucleotide mto the cells, and such modified cells are
returned to the patient for a therapeutic purpose. See Ander-
son et al., U.S. Pat. No. 5,399,346, 1ssued Mar. 21, 1995. In
another approach, retroviral vector particles may be admin-
istered to the patient 1n vivo, whereby the retroviral vector
particles transduce cells of the patient 1n vivo.

In many gene therapy protocols, it would be desirable to
target retroviral vector particle infection to a specific popu-
lation of cells either 1n vivo or in vitro. In such
circumstances, the broad host range of typical retroviruses
presents a significant problem. A key determinant of viral
host range is the “envelope” or “env” protein (encoded by
the env gene) which is involved in binding to receptors on
the surface of susceptible cells. Where 1t 1s possible to purily
the desired target cells, either before or after transduction,
such purification necessitates undesirable manipulations of
the cells and may be problematic 1n situations in which the
preferred target cells either are difficult to purily or are
present at low or variable frequencies in mixed cell popu-
lations. Thus, 1t would be advantageous to have retroviral
vector particles which could infect particular types of mam-
malian cells.
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Generation of a targeting retroviral vector particle would
enable the recombinant retrovirus to deliver a therapeutic
ogene to the target tissue through cross-species and/or tissue-
specific infection. To achieve such a goal, common strate-
o1es have been to modify the natural host range determinant,
the retroviral envelope protein, by inserting new receptor
binding polypeptides into the surface domain (SU) of the
envelope protein. The envelope protein, however, 1s ditficult
to modity. Prior attempts to modity the retroviral envelope
have been directed to the insertion of targeting polypeptides
into the receptor binding region of the envelope protein.
Such attempts have resulted 1n the disruption of the envelope
structure to such an extent that the folding, processing, and
incorporation of the envelope protein 1s 1mpaired strongly.
Also, the activity of the 1nserted polypeptide may be limited
by the steric hindrance caused by the surrounding host
protein residues.

SUMMARY OF THE INVENTION

The present invention 1s directed to retroviruses having,
modified envelopes. More specifically, the polyproline
hypervariable region of the retroviral envelope protein 1is
modified such that the hypervariable polyproline region
includes a targeting polypeptide which binds to a ligand. The
ligand may be a receptor located on a desired type of cell or
may be an extracellular matrix component, such as collagen,
for example. Such “targeted” retroviral vectors enable one to
deliver desired genes to a variety of cell types.

Applicants have found that the hypervariable polyproline
region of the surface domain, which 1s located next to the
receptor binding region, 1s mmdependent and flexible. The
hypervariable polyproline region can be as short as the 11
amino acid residues at the N-terminal and still provide a
viral titer of up to 2x10° cfu/ml. The hypervariable polypro-
line region also can be made longer than the wild type (i.e.,
unmodified) hypervariable polyproline region. As shown in
Example 6, below, when a collagen binding domain 1is
inserted 1nto the hypervariable polyproline region, the virus
which 1s pseudotyped with such a chimeric envelope can
bind to a collagen-coated plate. This indicates that polyperp-
tides mserted into the hypervariable polyproline region can
be exposed to the envelope protein surface, and the virus can
bind to an extracellular matrix component or a molecule
located on the surface of a target cell. Furthermore, the
hypervariable polyproline region can be an extended region,
which largely eliminates the steric hindrance toward the
inserted polypeptide domain caused by the surrounding host
protein residues. Thus, applicants have found that one can
ogenerate an elfficient recombinant retroviral vector particle
by 1nserting a targeting polypeptide into the hypervariable
polyproline region of a retroviral envelope protein.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention now will be described with respect to the
drawings, wherein:

FIG. 1 1s a schematic display of the sequence alignment
between the amphotropic and ecotropic proline-rich hyper-
variable polyproline regions. The upper line shows the
sequence of the entire amphotropic hypervariable polypro-
line region, while the lower line shows the ecotropic hyper-
variable polyproline sequence. The N-terminal conserved 14
amino acids are underlined.

FIG. 2 shows a representation of serial truncations from
the C-terminal end of the amphotropic hypervariable
polyproline and the corresponding titers. The “PRO” dis-
played on the top of the figure represents the proline-rich
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region 1n the ecotropic envelope protein. Avrll and NgoMI
flanking the PRO region are the two enzymes utilized to
swap the different lengths of the amphotropic hypervariable
polyproline sequence. The amino acid sequences are the
truncated amphotropic hypervariable polyproline sequences
cloned 1nto the corresponding region of the ecotropic enve-
lope protein. 5'-3" indicates the construct in which the entire
amphotropic hypervariable polyproline is inserted. The con-
structs containing the deletions from the C-terminal end of
the amphotropic hypervariable polyproline are named based
on the number of amino acids deleted. For example, the
number 1n C-14 indicates that 14 amino acids are truncated
from the C-terminal end of the amphotropic hypervariable
polyproline. N-14 represents the mutant in which the
N-terminal 14 conserved amino acids are deleted. CEE+
stands for the wild type ecotropic envelope protein. The
numbers on the right side of the figure shows the neo™ titer
corresponding to each envelope construct.

FIGS. 3A and B show detection of envelope protein in
producer cell lysates and m viral particles.

FIG. 3A Envelope proteins in the producer cell lysates.
The upper band represents the unprocessed surface precur-
sor (gp85). The lower band shows the mature surface protein
(gp70).

FIG. 3B Virion-associated envelope protein. The top band
stands for surface protein. The middle band represents

capsid protein. The bottom band shows the transmembrane
protein.

FIG. 4 shows the results of a Western Blot analysis to
detect virion-assoclated envelope proteins of envelope
mutants having serial truncations from the C-terminal end of
the amphotropic hypervariable polyproline.

FIG. 5§ shows the results of a fusion assay of the N-14
mutant. The fusion assay was carried out by cocultivation of
293T cells expressing the envelope protein and XC indicator
cells containing the ecotropic receptor on the cell surface.
The multinucle1 cells 1 the figure, displaying the syncytia
formed between 293T cells and XC 1ndicator cells, demon-
strate that N-14 and CEE+ produce a similar level of
cell-to-cell fusion.

FIG. 6 shows the results of a FACS assay to examine the
cell surface expression of the envelope protein. The figure
shows the cell surface expression of envelope proteins
CEE+ and N-14. The level of cell surface expression 1s
judged by the mean channel shift comparing the 293T cell
transfected with envelope proteins and the nontransfected
cells. As shown 1n the figure, CEE+ and N-14 generate the
same mean channel shift, indicating that both CEE+ and
N-del have the similar cell surface expression.

FIG. 7 1s a Western Blot analysis showing that the N-14
mutant envelope was incorporated into the virion particle at
32° C. There was no detectable envelope protein associated

with the N-14 mutant at 37° C.; and

FIG. 8 shows results of an ELISA assay using collagen-
coated wells for determining collagen binding by viruses
having a modified envelope hypervariable polyproline
region Including a collagen binding polypeptide, and by
viruses having an unmodified envelope.

DETAILED DESCRIPTION OF THE
INVENTION

In accordance with an aspect of the present invention,
there 1s provided a retroviral vector particle having a modi-
fied retroviral envelope polypeptide. The retroviral envelope
polypeptide 1ncludes a hypervariable polyproline region.
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This region 1s modified to include a targeting polypeptide
including a binding region which binds to a ligand.

In one embodiment, prior to modification, the hypervari-
able polyproline region of the retroviral envelope has the
sequence of (SEQ ID NO:1), and in the modified
polypeptide, amino acid residues 34 through 49 of (SEQ ID
NO:1) are removed and replaced with the targeting polypep-
fide.

In another embodiment, the targeting polypeptide 1s
inserted between amino acid residues 35 and 36 of (SEQ ID
NO:1).

In order to facilitate 1insertion of the targeting polypeptide
between amino acid residues of (SEQ ID NO:1), or to
facilitate the removal of amino acid residues of (SEQ ID
NO:1), followed by replacement of such residues with the
targeting polypeptide, certain amino acid residues of (SEQ
ID NO:1) may be changed before the modification of (SEQ
ID NO:1) to include the targeting polypeptide. For example,
in one embodiment, amino acid residue 35 of (SEQ ID
NO:1) is changed from asparagine to glutamine, amino acid

residue 48 of (SEQ ID NO:1) is changed from threonine to
glycine, and amino acid residue 49 of (SEQ ID NO:1) is
changed from serine to leucine. The targeting polypeptide 1s
inserted between amino acid residues 35 and 36 of (SEQ ID
NO:1).

In yet another embodiment, at least one of amino acid

residues 12 through 60 of (SEQ ID NO:1) is removed and
replaced with a targeting polypeptide.

In general, the retroviral envelope protein includes a
surface (SU) domain, or surface protein, and a transmem-
brane (TM) domain or protein. The polypeptide (SEQ ID
NO:1) is a portion of the surface protein of the amphotropic
envelope of Moloney Murine Leukemia Virus. In general,
the surface protein includes, 1n an N-terminal to C-terminal
direction, the following regions: (1) the receptor binding
region; (ii) the hypervariable polyproline region; and (iii) the
body portion, which 1s associated with the transmembrane
domain. Shown in (SEQ ID NO:1) is the hypervariable
polyproline region of the amphotropic envelope of Moloney
Murine Leukemia Virus. The hypervariable polyproline
region functions as a linker that links the receptor binding
region and the body portion. Applicants have found that
retroviruses can be made “targetable” to ligands 1if the
hypervariable polyproline region 1s modified such that this
region 1ncludes a polypeptide which binds to a ligand.

In one embodiment, the retroviral envelope, prior to the
modification of the hypervariable polyproline region to
include the targeting polypeptide which binds to the ligand,
may be an envelope which includes regions of different
tropisms. For example, the retroviral envelope may be a
Moloney Murine Leukemia Virus envelope which includes
a gp 70 protein having an ecotropic portion and an ampho-
tropic portion and/or xenotropic portion.

In another embodiment, the retroviral envelope, prior to
modification thereof, has a gp 70 protein which includes: (i)
an ecotropic secretory signal or “leader” sequence; (ii) an
ecotropic receptor binding region; (ii1) an amphotropic
hypervariable polyproline region, 1.e., (SEQ ID NO:1); and
(1iv) an ecotropic body portion. The amphotropic hypervari-
able polyproline region (SEQ ID NO:1), is modified to

include a targeting polypeptide which binds to a ligand.
(SEQ ID NO:1) may be modified as hereinabove described.

In another embodiment, the targeting polypeptide
includes a binding region which binds to a receptor located
on a desired cell type. Such targeting polypeptides include,
but are not limited to, antibodies and fragments thereof,
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including single-chain antibodies, monoclonal antibodies,
and polyclonal antibodies. Such antibodies include, but are
not limited to, antibodies and fragments or portions thereot
which bind to erb-B2, such as, for example, €23 antibody;
antibodies which bind to receptors such as, for example, the
CD4 receptor on T-cells; antibodies which bind to the
transferrin receptor; antibodies directed against human leu-
kocyte antigen (HILA); antibodies to carcinoembryonic anti-
ogen; anfibodies to placental alkaline phosphatase found on
testicular and ovarian cancer cells; antibodies to high
molecular weight melanoma-associated antigen; antibodies
to polymorphic epithelial mucin found on ovarian cancer
cells; antibodies to p-human chorionic gonadotropin; anti-
bodies to CD20 antigen of B-lymphoma cells; antibodies to
alphafetoprotein; antibodies to prostate specific antigen;
OKT-3 antibody, which binds to CD3 T-lymphocyte surface
antigen; antibodies which bind to B-lymphocyte surface
antigen; antibodies which bind to EGFR (c-erb-B1 or c-erb-
B2) found on glioma cells, B-cell lymphoma cells, and
breast cancer cells; anti-tac monoclonal antibody, which
binds to the Interleukin-2 receptor; anti-transferrin mono-
clonal antibodies; monoclonal antibodies to gp 95/gp 97
found on melanoma cells; monoclonal antibodies to
p-glycoproteins; monoclonal antibodies to cluster-1 antigen
(N-CAM), cluster-w4, cluster-5A, or cluster-6 (LeY), all
found on small cell lung carcinomas; monoclonal antibodies
to placental alkaline phosphatase; monoclonal antibodies to
CA-125 found on lung and ovarian carcinoma cells, mono-
clonal antibodies to epithelial specific antigen (ESA) found
on lung and ovarian carcinoma cells; monoclonal antibodies
to CD19, CD22, and CD37/ found on B-cell lymphoma cells;
monoclonal antibodies to the 250 kDa proteoglycan found
on melanoma cells; monoclonal antibodies to p55 protein
found on breast cancer cells; monoclonal antibodies to the
TCR-IgH fusion protein found on childhood T-cell leukemia
cells; antibodies to T-cell antigen receptors; antibodies to
tumor speciiic antigen on B-cell lymphomas; antibodies to
organ cell surface markers; anti-HIV antibodies, such as
anti-HIV gp 120-specific immunoglobulin, and anti-
erythrocyte antibodies.

Other targeting peptides which may be employed include
cytokines. Such cytokines include, but are not limited to,
interleukins, including Interleukin-1c., Interleukin-1{3, and
Interleukins 2 through 14; erowth factors such as epithelial

growth factor (EGF), TGF-a, TGF-f3, fibroblast growth
factor (FGF), keratinocyte growth factor (KGF), PDGF-A,
PDGE-B, PD-ECGEF, IGF-I, IGF-II, and nerve growth factor
(NGF), which binds to the NGF receptor of neural cells;
colony stimulating factors such as GM-CSF, G-CSF, and
M-CSF, leukemic inhibitory factor (LIF); interferons such as
interferon-c., 1nterferon-3, and interferon-y; inhibin A;
inhibin B; chemotactic factors; a-type intercrine cytokines;
and p-type intercrine cytokines.

Still other targeting polypeptides which may be employed
include, but are not limited to, melanoma stimulating
hormone, which binds to the MSH receptor on melanoma
cells; the polypeptide FLLA16, which has the sequence
Cys-Gln-Ala-Gly-Thr-Phe-Ala-Leu-Arg-Gly-Asp-Asn-Pro-
Gln-Gly-Cys (SEQ ID NO:40), which binds to the integrins
VLA3, VLA4, and VLAS found on human histiocytic lym-
phoma cells; the polypeptide having the structure Gly-Glu-
Arg-Gly-Asp-Gly-Ser-Phe-Phe-Ala-Phe-Arg-Ser-Pro-Phe
(SEQ ID NO:41), which binds to the integrin avf; found on
melanoma cells; erythropoietin, which binds to the erythro-
poiletin receptor; adherins; selecting; CD34, which binds to
the CD34 receptor of hematopoietic stem cells; CD33,
which binds to premyeloblastic leukemia cells; stem cell
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factor; asialoglycoproteins, including asialoorosomucoid,
asialofetuin, and alpha-1 acid glycoprotein, which binds to
the asialoglycoprotein receptor of liver cells; msulin; glu-
cagon; gastrin polypeptides, which bind to receptors on
hematopoietic stem cells; C-kit ligand; tumor necrosis fac-
tors (Qr TNE’s) such as, for example, TNF-alpha and
TNF-beta; ApoB, which binds to the LDL receptor of liver
cells; alpha-2-macroglobulin, which binds to the LRP recep-
tor of liver cells; mannose-containing peptides, which bind
to the mannose receptor of macrophages; sialyl-Lewis-X
antigen-containing peptides, which bind to the ELAM-1
receptor of activated endothelial cells; CD40 ligand, which
binds to the CD40 receptor of B-lymphocytes; ICAM-1,
which binds to the LFA-1 (CD11b/CD18) receptor of
lymphocytes, or to the Mac-1 (CD11a/CD18) receptor of
macrophages; M-CSF, which binds to the c-fms receptor of
spleen and bone marrow macrophages; VLLA-4, which binds
to the VCAM-1 receptor of activated endothelial cells;
LFA-1, which binds to the ICAM-1 receptor of activated
endothelial cells; HIV gpl120 and Class II MHC antigen,
which bind to the CD4 receptor of T-helper cells; and the
L.DL receptor binding region of the apolipoprotein E (ApoE)
molecule. It 1s to be understood, however, that the scope of
the present invention 1s not to be limited to any speciiic
targeting polypeptide.

In one embodiment, the targeting polypeptide 1s a single
chain antibody.

In another embodiment, the targeting polypeptide
includes a binding region which binds to an extracellular
matrix component. The term “extracellular matrix
component,” as used herein, means a molecule that occupies
the extracellular spaces of tissues. Such extracellular matrix
components 1nclude, but are not limited to, collagen
(including collagen Type I and collagen Type 1V), laminin,
fibronectin, elastin, glycosaminoglycans, proteoglycans, and
sequences which bind to fibronectin, such as arginine-
glycine-aspartic acid, or RGD, sequences. Binding regions
which bind to an extracellular matrix component, and which
may be 1ncluded 1n a targeting polypeptide, include, but are
not limited to, polypeptide domains which are functional
domains within von Willebrand Factor or derivatives
thereof, wherein such polypeptide domains bind to collagen.
In one embodiment, the binding region 1s a polypeptide
having the amino acid sequence of residues 4 through 13 of

SEQ ID NO:19.

Other binding regions which bind to an extracellular
matrix component, and which may be included in the viral
envelope, include, but are not limited to, the arginine-
oglycine-aspartic acid, or RGD, sequences, which binds
fibronectin, and a polypeptide having the sequence Gly-Gly-
Trp-Ser-His-Trp, which also binds to fibronectin.

In addition to the binding region, the targeting polypep-
tide may further include linker sequences of one or more
amino acid residues, placed at the N-terminal and/or
C-terminal of the binding region, whereby such linkers
increase rotational flexibility and/or minimize stearic hin-
drance of the modified envelope polypeptide.

It 1s to be understood, however, that the scope of the
present invention 1s not to be limited to any specific targeting
polypeptide, binding region, or ligand to which the targeting
polypeptide may bind.

In accordance with another aspect of the present
invention, there 1s provided a modified polynucleotide
encoding a modified retroviral envelope polypeptide for
targeting a retroviral vector particle to a ligand. The retro-
viral envelope polypeptide includes the hypervariable
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polyproline region. In the modified polynucleotide, the
polynucleotide encoding the hypervariable polyproline
region 15 modified to include a polynucleotide encoding a
targeting polypeptide including a binding region which
binds to a ligand.

In one embodiment, prior to modification, the polynucle-

otide encoding the hypervariable polyproline region encodes
the sequence of (SEQ ID NO:1). In the modified
polynucleotide, a polynucleotide including the codons

encoding amino acid residues 34 through 49 are removed
and replaced with the polynucleotide encoding the targeting
polypeptide. In another embodiment, 1n the modified
polynucleotide, the polynucleotide encoding the targeting
polypeptide 1s 1nserted between the codon encoding amino
acid residue 35 and the codon encoding amino acid residue

36 of (SEQ ID NO:1). The hypervariable polyproline region
having the sequence (SEQ ID NO:1) is encoded by the
polynucleotide having (SEQ ID NO:2) or a degenerative
derivative or analogue thereof.

The term “derivative or analogue thereof” as used herein
means that the polynucleotide encoding the polypeptide
(SEQ ID NO:1) may have a sequence different from the
polynucleotide (SEQ ID NO:2), yet encode the same
polypeptide. Such differences 1 polynucleotide sequences
may, for example, be due to the degeneracy of the genetic
code. It 1s also contemplated within the scope of the present
invention that, prior to the modification of (SEQ ID NO:2)
with a polynucleotide encoding a targeting polypeptide,
(SEQ ID NO:2) may be modified such that one or more
codons are changed such that the codons modity different
amino acid residues than the unmodified sequences. Such
modifications may facilitate the insertion of the polynucle-

otide encoding the targeting polypeptide. For example,
(SEQ ID NO:2) may be modified such that the codon

encoding amino acid residue 35 of (SEQ ID NO:1) may be
changed such that the codon encodes glutamine instead of
asparagine, the codon encoding amino acid residue 48 of
(SEQ ID NO:1) may be changed such that the codon
encodes glycine instead of threonine, and the codon encod-
ing amino acid residue 49 of (SEQ ID NO:1) may be
changed such that the codon encodes leucine instead of
SErine.

The above polynucleotides may be constructed by genetic
engineering techniques known to those skilled 1n the art. For
example, a first expression plasmid may be constructed
which includes a polynucleotide encoding the unmodified
envelope. The plasmid then 1s engineered such that a poly-
nucleotide encoding the targeting polypeptide 1s inserted
between two codons encoding consecutively numbered
amino acid residues of the unmodified envelope, or 1s
engineered such that a polynucleotide encoding a portion of
the unmodified envelope 1s removed, whereby such portion
may be replaced with a polynucleotide encoding the target-
ing polypeptide. The polynucleotide encoding the targeting
polypeptide may be contained 1n a second expression plas-
mid or may exist as a naked polynucleotide sequence. The
polynucleotide encoding the targeting polypeptide or the
plasmid containing such polynucleotide 1s cut at appropriate
restriction enzyme sites and cloned into the first expression
plasmid which also has been cut at appropriate restriction
enzyme sites. The resulting expression plasmid thus
includes a polynucleotide encoding the modified envelope
protein. Such polynucleotide then may be cloned out of the
expression plasmid, and into a retroviral plasmid vector.

The term “polynucleotide” as used herein means a poly-
meric form of nucleotide of any length, and includes ribo-
nucleotides and deoxyribonucleotides. Such term also
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includes single- and double-stranded DNA, as well as
single- and double-stranded RNA. The term also includes
modified polynucleotides such as methylated or capped
polynucleotides.

In a preferred embodiment, the viral vector particle hav-
ing a modified envelope 1n accordance with the invention
includes a polynucleotide encoding a heterologous polypep-
tide which 1s to be expressed 1n a desired cell. The heter-
ologous polypeptide may, 1n one embodiment, be a thera-
peutic agent. The term “therapeutic” 1s used 1 a generic
sense and includes treating agents, prophylactic agents, and
replacement agents.

Polynucleotides encoding therapeutic agents which may
be contained 1n the retroviral vector particle include, but are
not limited to, polynucleotides encoding tumor necrosis
factor (TNF) genes, such as TNF-a; genes encoding inter-
ferons such as Interferon-c., Interferon-{3, and Interferon-y;
ogenes encoding interleukins such as IL-1, IL-1{3, and Inter-
leukins 2 through 14; anticoagulants; anti-platelet agents;
anti-inflammatory agents; the erythropoietin gene; genes
encoding G-CSFE, GM-CSF, TGF-a, TGF-{3, and fibroblast
orowth factor; genes encoding adenosine deaminase, or
ADA,; genes which encode cellular growth factors, such as
lymphokines, which are growth factors for lymphocytes;
genes encoding epidermal growth factor (EGF), vascular
endothelial growth factor (VEGF), and keratinocyte growth
factor (KGF); genes encoding soluble CD4; gene encoding
clotting factors, including Factor VIII, Factor IX, protein S,
protemn C, antithrombin III, and von Willebrand Factor;
cytochrome b; glucocerebrosidase; T-cell receptors; the LDL
receptor, ApoE, ApoC, ApoAl and other genes mvolved in
cholesterol transport and metabolism; the alpha-1 anfit-
rypsin (alAT) gene; the insulin gene; the hypoxanthine
phosphoribosyl transferase gene; the cystic fibrosis trans-
membrane conductance regulator (CFTR) gene; negative
selective markers or “suicide” genes, such as viral thymidine
kinase genes, such as the Herpes Simplex Virus thymidine
kinase gene, the cytomegalovirus virus thymidine kinase
ogene, and the varicella-zoster virus thymidine kinase gene;
Fc receptors for antigen-binding domains of antibodies,
antisense sequences which inhibit viral replication, such as
antisense sequences which 1nhibit replication of hepatitis B
or hepatitis non-A non-B virus; antisense c-myb oligonucle-
otides; and antioxidants such as, but not limited to, manga-
nese superoxide dismutase (Mn-SOD), catalase, copper-
zinc-superoxide dismutase (CuZn-SOD), extracellular
superoxide dismutase (EC-SOD), and glutathione reductase;
tissue plasminogen activator (tPA); urinary plasminogen
activator (urokinase); hirudin; the phenylalanine hydroxy-
lase gene; nitric oxide synthetase; vasoactive peptides;
angiogenic peptides; the dopamine gene; the dystrophin
ogene; the p-globin gene; the a-globin gene; the HbA gene;
protooncogenes such as the ras, src, and bcl genes; tumor-
suppressor genes such as p53 and Rb; the LDL receptor; the
heregulin-o protein gene, for treating breast, ovarian, gastric
and endometrial cancers; polynucleotides encoding cell
cycle control agents, agents which 1nhibit cyclin proteins,
such as antisense polynucleotides to the cyclin G1 and
cyclin D1 genes; monoclonal antibodies specific to epitopes
contained within the p-chain of a T-cell antigen receptor; the
multidrug resistance (MDR) gene; polynucleotides encoding,
ribozymes; antisense polynucleotides; genes encoding
secretory peptides which act as competitive inhibitors of
angiotensin converting enzyme, of vascular smooth muscle
calcium channels, or of adrenergic receptors, and polynucle-
otides encoding enzymes which break down amyloid
plaques within the central nervous system. It 1s to be
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understood, however, that the scope of the present invention
1s not to be limited to any particular therapeutic agent.

The polynucleotide encoding the therapeutic agent 1s
under the control of a suitable promoter. Suitable promoters
which may be employed include, but are not limited to, the
retroviral LTR; the SV40 promoter; the cytomegalovirus
(CMV) promoter; the Rous Sarcoma Virus (RSV) promoter;
the histone promoter; the pollll promoter, the p-actin pro-
moter; inducible promoters, such as the MMTYV promoter,
the metallothionein promoter; heat shock promoters; aden-
ovirus promoters; the albumin promoter; the ApoAl pro-
moter; B19 parvovirus promoters; human globin promoters;
viral thymidine kinase promoters, such as the Herpes Sim-
plex thymidine kinase promoter; retroviral LTRs; human
growth hormone promoters, and the MxIFN inducible pro-
moter. The promoter also may be the native promoter which
controls the polynucleotide encoding the therapeutic agent.
It 1s to be understood, however, that the scope of the present
invention 1s not to be limited to specific foreign genes or

promoters.

The polynucleotides encoding the modified envelope
polypeptide and the therapeutic agent may be placed 1nto an
appropriate retroviral plasmid vector by genetic engineering
techniques known to those skilled 1n the art.

In one embodiment, the retroviral plasmid vector may be
derived from Moloney Murine Leukemia Virus and 1s of the
LN series of vectors, such as those hereinabove mentioned,
and described further in Bender, et al., J. Virol., Vol. 61, pgs.
1639-1649 (1987) and Miller, et al., Biotechniques, Vol. 7,
pgs 980-990 (1989). Such vectors have a portion of the
packaging signal derived from a mouse sarcoma virus, and
a mutated gag mitiation codon. The term “mutated” as used
herein means that the gag mitiation codon has been deleted
or altered such that the gag protein or fragments or trunca-
tions thereof, are not expressed.

In another embodiment, the retroviral plasmid vector may
include at least four cloning, or restriction enzyme recog-
nition sites, wherein at least two of the sites have an average
frequency of appearance 1n eukaryotic genes of less than
once 1n 10,000 base pairs; 1.e., the restriction product has an
average DNA size of at least 10,000 base pairs. Preferred
cloning sites are selected from the group consisting of Notl,
SnaBI, Sall, and Xhol. In a preferred embodiment, the
retroviral plasmid vector includes each of these cloning
sites. Such vectors are further described m U.S. Pat. No.
5,672,510, and incorporated herein by reference in their
entirety.

When a retroviral plasmid vector including such cloning
sites 1S employed, there may also be provided a shuttle
cloning vector which includes at least two cloning sites
which are compatible with at least two cloning sites selected
from the group consisting of Notl, SnaBI, Sall, and Xhol
located on the retroviral plasmid vector. The shuttle cloning
vector also includes at least one desired polynucleotide
encoding a therapeutic agent which i1s capable of being
transferred from the shuttle cloning vector to the retroviral
plasmid vector.

The shuttle cloning vector may be constructed from a
basic “backbone” vector or fragment to which are ligated
one or more linkers which include cloning or restriction
enzyme recognition sites. Included 1n the cloning sites are
the compatible, or complementary cloning sites hereinabove
described. Genes and/or promoters having ends correspond-
ing to the restriction sites of the shuttle vector may be ligated
into the shuttle vector through techniques known in the art.

The shuttle cloning vector can be employed to amplify
DNA sequences 1n prokaryotic systems. The shuttle cloning
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vector may be prepared from plasmids generally used in
prokaryotic systems and 1n particular in bacteria. Thus, for

example, the shuttle cloning vector may be derived from
plasmids such as pBR322; pUC 18§; efc.

The retroviral plasmid vector includes one or more pro-
moters for the genes contained 1n the vector. Suitable

promoters which may be employed include, but are not
limited to, the retroviral LIR; the SV40 promoter; and the
human cytomegalovirus (CMV) promoter described in

Miller, et al., Biotechniques, Vol. 7, No. 9, 980-990 (1989),
or any other promoter (e.g., cellular promoters such as
cukaryotic cellular promoters including, but not limited to,
the histone, pol III, and P-actin promoters). Other viral
promoters which may be employed include, but are not
limited to, adenovirus promoters, TK promoters, and B19
parvovirus promoters. The selection of a suitable promoter
will be apparent to those skilled 1n the art from the teachings
contained herein.

In one embodiment, the retroviral plasmid vector, which
includes a polynucleotide encoding the modified envelope
protemn and a polynucleotide encoding a heterologous pro-
tein or polypeptide therapeutic agent, 1s employed to trans-
duce a packaging cell line to form a producer cell line, which
will generate 1nfectious retroviral vector particles.
Alternatively, a naked polynucleotide sequence encoding the
modified envelope protein 1s transfected mto a “pre-
packaging” cell line including nucleic acid sequences encod-
ing the gag and pol proteins, thereby forming a packaging
cell line, or 1s transfected 1nto a packaging cell line including
nucleic acid sequences encoding the gag, pol, and wild-type
(i.e., unmodified) env proteins, thereby forming a packaging
cell line including nucleic acid sequences encoding wild-
type env protein and the modified envelope protein.
Examples of such “pre-packaging” cell lines include, but are
not limited to, GP8 cells, GPL cells, and GPNZ cells as
described 1n Morgan, et al., J. Virol., Vol. 67, No. 8, pgs.
4712-4721 (August 1993). Such cell lines, upon transduc-
tion with the retroviral plasmid vector, generates infectious
retroviral particles including the modified, or chimeric,
envelope and a polynucleotide encoding the therapeutic
agent.

In another embodiment, a retroviral plasmid vector which
includes a polynucleotide encoding a modified polynucle-
otide encoding a modified envelope polypeptide 1n accor-
dance with the invention and a polynucleotide encoding a
therapeutic agent 1s used to transduce a packaging cell line
including nucleic acid sequences encoding the gag, pol, and
wild-type (i.e., unmodified) env retroviral proteins.
Examples of such packaging cell lines include, but are not
limited to, the PE501, PA317 (ATCC No. CR19078), -2,
P-AM, PA12, T19-14X, VT1-19-17-H2, YyCRE, yCRIP,
GP+E-86, GP+envAm12, and DAN cell lines as described
in Miller, Human Gene Therapy, Vol. 1, pgs. 5—-14 (1990),
which 1s incorporated herein by reference 1n 1ts entirety. The
vector may transduce the packaging cells through any means
known 1n the art. Such means include, but are not limaited to,
clectroporation, and use of liposomes, such as hereinabove
described, and CaPO, precipitation. Such producer cells
generate infectious retroviral vector particles which include
the modified envelope, the wild-type retroviral envelope, a
polynucleotide encoding the modified, or chimeric,
envelope, and a polynucleotide encoding a therapeutic
agent.

In another embodiment, there 1s provided a packaging cell
which 1ncludes a nucleic acid sequence encoding a modified
chimeric envelope 1n accordance with the invention, and
which may further include nucleic acid sequences encoding
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the gag and pol proteins. A producer cell for generating viral
particles which includes a modified envelope 1n accordance
with the 1nvention i1s produced by introducing into such
packaging cell either a retroviral vector particle or a retro-
viral plasmid vector, 1n each case including a polynucleotide
encoding a therapeutic agent. The producer cell line thus
generates infectious retroviral particles including the modi-
fied chimeric envelope and the polynucleotide encoding the
therapeutic agent.

The retroviral vector particles, which include the modified
envelope, and a polynucleotide encoding a therapeutic
agent, may be administered to a host 1n an amount effective
to produce a therapeutic effect in the host. The host may be
a mammalian host, which may be a human or non-human
primate host. The retroviral vector particles, upon adminis-
tration to the host, travel to and transduce the desired target
cells, whereby the transduced target cells express the thera-
peutic agent 1n vivo. The exact dosage of retroviral vector
particles which may be administered 1s dependent upon a
variety of factors, including the age, sex, and weight of the
patient, the target cells which are to be transduced, the
therapeutic agent which i1s to be administered, and the
severity of the disorder to be treated.

The retroviral vector particles may be administered
systemically, such as, for example, by intravenous,
intraperitoneal, intracolonic, intratracheal, endotracheal,
intranasal, 1ntravascular, intrathecal, intraarterial,
intracranial, intramarrow, intravesicular, intrapleural,
intradermal, subcutaneous, 1ntramuscular, intraocular,
intraosseous, and intrasynovial administration. The retrovi-
ral vector particles also may be administrated topically.

Cells which may be transduced with the retroviral vector
particles of the present invention include, but are not limited
to, primary cells, such as primary nucleated blood cells,
primary tumor cells, endothelial cells, epithelial cells, vas-
cular cells, keratinocytes, stem cells, hepatocytes,
chrondocytes, connective tissue cells, fibroblasts and
fibroelastic cells of connective tissues, mesenchymal cells,
mesothelial cells, and parenchymal cells; smooth muscle
cells of the wvasculature; hematopoietic stem cells;
T-lymphocytes; B-lymphocytes; neutrophils; macrophages;
platelets; erythrocytes; reparative mononuclear granulocytic
infiltrates of inflamed tissues; nerve cells; brain cells; muscle
cells; osteocytes and osteoblasts 1n bone; lung cells, pan-
creatic cells; epithelial and subepithelial cells of the gas-
trointestinal and respiratory tracts; and malignant and non-
malignant tumor cells. The selection of the particular cells
which are to be transduced 1s dependent upon the disease or
disorder to be treated as well as the targeting polypeptide
contained 1n the modified envelope. It 1s to be understood
that the scope of the present invention 1s not to be limited to
the transduction of any specific target cells.

Diseases or disorders which may be treated with the
retroviral vector particles of the present invention include,
but are not limited to, severe combined immune deficiency
caused by adenosine deaminase deficiency; sickle cell ane-
mia; thalassemia; hemophilia A and B; diabetes; emphysema
caused by a-1-antitrypsin deficiency; Alzheimer’s disecase;
AIDS; chronic granulomatosis; Gaucher’s disease; Lesch-
Nyhan syndrome; muscular dystrophy, including Duchenne
muscular dystrophy; Parkinson’s disease; cystic fibrosis;
phenylketonuria; hypercholesterolemia; and other illnesses
such as growth disorders and heart diseases, such as, for
example, those caused by alterations in the way cholesterol
1s metabolized and defects 1n the 1immune system.

The retroviral vector particles also may be employed in
the treatment of tumors, including malignant and non-
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malignant tumors. For example, a retroviral vector particle
including a modified envelope protein, including a targeting
polypeptide which binds to a tumor cell, and a polynucle-
otide encoding a negative selective marker or “suicide”
ogene, such as, for example, the Herpes Simplex Virus
thymidine kinase (TK) gene, may be administered to a
patient, whereby the retroviral vector particles transduce the
tumor cells. After the tumor cells are transduced with the
retroviral vector particles, an interaction agent or prodrug,
such as gancyclovir or acyclovir, 1s administered to the
patient, whereby the transduced tumor cells are killed.

When the retroviral vector particles include a targeting
polypeptide which binds to an extracellular matrix
component, such retroviral vector particles may be
employed 1n treating diseases or disorders which are asso-
clated with an exposed extracellular matrix component.
Such diseases or disorders include, but are not limited to,
cardiovascular diseases; cirrhosis of the liver; and connec-
tive tissue disorders (including those associated with
ligaments, tendons, and cartilage), and vascular disorders
assoclated with the exposition of collagen. The retroviral
vector particles may be used to deliver therapeutic genes to
restore endothelial cell function and to combat thrombosis,
in addition to limiting the proliferative and fibrotic responses
assoclated with neointima formation. The retroviral vector
particles also may be employed in treating vascular lesions;
ulcerative lesions; arecas of inflammation; sites of laser
Injury, such as the eye, for example; sites of surgery; arthritic
joints; scars; and keloids. The retroviral vector particles also
may be employed in wound healing.

In addition, retroviral vector particles which include a
targeting polypeptide which binds to an extracellular matrix
component 1n the hypervariable polyproline region also may
be employed 1n the treatment of tumors, including malignant
and non-malignant tumors. Although Applicants do not
intend to be limited to any theoretical reasoning, tumors,
when 1nvading normal tissues or organs, secrete enzymes
such as collagenases or metalloproteinases which provide
for the exposition of extracellular matrix components. By
targeting retroviral vector particles to such exposed extra-
cellular matrix components, the retroviral vector particles
become concentrated at the exposed matrix components
which are adjacent the tumor, whereby the retroviral vector
particles then infect the tumor cells. Such tumors include,
but are not limited to, carcinomas; sarcomas, including
chondrosarcoma, osteosarcoma, and fibrosarcoma; and brain
tumors. For example, a retroviral vector particle, including
a modified hypervariable polyproline region of the envelope
protein, including a targeting polypeptide which binds to an
extracellular matrix component located at a tumor site, and
a polynucleotide encoding a negative selective marker or
“suicide” gene, such as, for example, the Herpes Simplex
Virus thymidine kinase (TK) gene, may be administered to
a patient, whereby the retroviral vector particles transduce
the tumor cells. After the tumor cells are transduced with the
retroviral vector particles, an interaction agent or prodrug,
such as gancyclovir or acyclovir, 1s administered to the
patient, whereby the transduced tumor cells are killed.

Other polynucleotides encoding anti-tumor agents which
may be contained in the retroviral vector particles include,
but are not limited to, polynucleotides encoding cell cycle
control agents, polynucleotides (such as, for example, anti-
sense polynucleotides) which bind to polynucleotides
encoding cyclin G1 or cyclin D1, tumor suppressor proteins,
anti-angiogenic factors, such as, for example, endothelial
monocyte activating polypeptide-2 (EMAP-2), cytokines
and growth factors, which include those cytokines and
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orowth factors hereinabove described. Growth of the tumor
cells 1s inhibited, suppressed, or destroyed upon expression
of the anti-tumor agent by the transduced tumor cells.

It 1s to be understood that the present invention is not to
be limited to the treatment of any particular disease or
disorder.

The retroviral vector particles, which include the modified
envelope protein and a polynucleotide encoding a therapeu-
tic agent, may be administered to an animal 1n vivo as part
of an animal model for the study of the effectiveness of a
ogene therapy treatment. The retroviral vector particles may
be administered 1n varying doses to different animals of the
same species, whereby the retroviral vector particles will
transduce the desired target cells 1n the animal. The animals
then are evaluated for the expression of the desired thera-
peutic agent 1n vivo 1n the animal. From the data obtained
from such evaluations, one may determine the amount of
retroviral vector particles to be administered to a human
patient.

The retroviral vector particles of the present invention
also may be employed 1n the 1n vitro transduction of desired
target cells, which are contained 1n a cell culture containing
a mixture of cells. Upon transduction of the target cells 1n
vitro, the target cells produce the therapeutic agent or protein
in vitro. The therapeutic agent or protein then may be
obtained from the cell culture by means known to those

skilled 1n the art.

The retroviral vector particles also may be employed for
the transduction of cells 1n vitro mm order to study the
mechanism of the genetic engineering of cells 1n vitro.

In addition, the modified envelope polypeptides of the
present 1nvention may be employed to form proteolipo-

Sense primer:

Anitsense primer:
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To test the flexibility of the hypervariable polyproline
region, various lengths of the proline-rich sequence derived
from the amphotropic hypervariable polyproline were
inserted 1nto the corresponding region of the ecotropic
envelope protein (FIG. 2). One insert contained the entire 60
amino acid amphotropic hypervariable polyproline that 1s 15
amino acids longer than the ecotropic hypervariable
polyproline. The resulting chimeric envelope was named
5'-3'. Two other inserts were amphotropic hypervariable
polyprolines with a 14 amino acid deletion at either the
N-terminus or the C-terminus, respectively, generating the
same length hypervariable polyproline as that of the ecotro-
pic envelope protein. Chimeric envelopes with these two
mserts were named N-14 and C-14, as shown 1 FIG. 2. Such
inserts were made by moditying the envelope expression
vector Cee+, which 1s a CMV-env expression vector con-
structed by digesting Cee (Morgan, et. al., J. Virol, Vol. 67,
No. 8, pgs. 4712-4721 (August 1993)) with HindIII and
Notl, filling 1n the Notl site with a Klenow fragment, and
ligating the CMV-env cassette 1nto pBluescriptll SK+
(Stratagene, La Jolla, Calif.) digested with Smal and Hin-
dIII.

In order to 1nsert the amphotropic hypervariable polypro-
line regions 1nto Cee+, Avrll and NeoMI sites were gener-
ated 1n Cee+ which flanked the 5' and 3' ends, respectively,
of the ecotropic hypervariable polyproline.

To generate the envelope expression plasmids 5'-3', C-14,
C-19, C-24, C-29, C-34, C-39, the corresponding ampho-
tropic hypervariable polyproline regions were amplified by
PCR amplification. The PCR reactions have a common
sense primer. Each deletion has its own antisense primer.
The primer sequences are presented below:

(SEQ ID NO:3)

5'-3" 5"' -CGGTAGCCGGCTGGGGGTGGCTGTGGGACACTTGGAC-3"' (SEQ ID NO:4)
C-14 5' -CGGTAGCCGGCGGGTGTACTGGTAGTGGAGGGGGG-3" (SEQ ID NO:53)
C-19 5"' -CGGTAGCCGGCGGAAGGGGGGTAACTGGTATTGAGG-3"' (SEQ ID NO:6)
C=-24 5' -CGGTAGCCGGCGGTATTGAGGGGGCTAGGTGGCTGT-3"' (SEQ ID NO:7)
C=-29 5' -CGGTAGCCGGCAGGTGGCTGTGGAGCCGGTACAATC-3"' (SEQ ID NO:8)
C-34 5' -CGGTAGCCGGCCGGTACAATCTCTATTGGTGAGGAA-3' (SEQ ID NO:9)
C=-39 5' -CGGTAGCCGGCTGGTGAGGAAGGGAGTCTTTGGTCG-3' (SEQ ID NO:10)

somes; 1.€., the modified envelope polypeptide forms a
portion of the liposome wall. Such proteoliposomes may be
employed for gene transfer or for drug delivery to desired
target cells.

The 1nvention now will be described with respect to the
following examples; however, the scope of the present
invention 1s not intended to be limited thereby.

EXAMPLE 1

Effects of swapping different lengths of the
amphotropic hypervariable polyproline sequence
into the corresponding region of the ecotropic

envelope protein

The structures of the amphotropic and ecotropic hyper-
variable polyproline regions are shown schematically in

FIG. 1.
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N-14 was also generated by PCR amplification of the
corresponding region of the amphotropic hypervariable
polyproline region:

Sense primer:

5S'-GGTCCTAGGACCCCTCCCTTCCTCACCAATAGA
GATTGTACCG-3' (SEQ ID NO:11)

Antisense primer:

5S-CGGTAGCCGGCTGGGGGTGGCTGTGGGACACT
TGGAC-3' (SEQ ID NO:12)

The PCR conditions were as follows: 94° C., 1 min.; 55°
C., 1 min; 72° C., 1 min; 25 cycles with a final extension at
72° C. for 5 minutes. The PCR primers were designed such
that two restriction sites, Avrll and NgoMI, that also over-
hang the ecotropic hypervariable polyproline, were incor-
porated into the ends of the PCR products. The PCR
products then were cleaved by Avrll and NgoMI, and cloned
in between the Avrll and NgoMI sites created to flank the
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ecotropic hypervariable polyproline region to form the
above-mentioned envelope expression plasmids.

The envelope expression plasmids C-44, C-49, C-54 were
created by annealing sense and antisense oligonucleotides to
generate double strand DNA fragments that were flanked by
the sticky ends of Avrll and NgoMI. The DNA fragment then
was cloned directly 1n between the Avrll and NgoMI sites of
the modified CEE+ plasmid The oligonucleotides used are
displayed below:

C-44

5'-CTAGGACCCCGAGTCCCCATAGGGCCCAACCCAGTATTACCCGACCAAAGA-3"

3'-CTGGGGCTCAGGGGTATCCCGGGTTGGGTCATAATGGGCTGGTTTCTCGGCC-5"

C-49
5'-CTAGGACCCCGAGTCCCCATAGGGCCCAACCCAGTAG-3"
3'-CTGGGGCTCAGGGGTATCCCGGGTTGGGTCATCGGCC-5"
C-54

5'-CTAGGACCCCGAGTCCCCATAG-3"

3 'CTGGGGCTCAGGGGTATCGGCC-5"

Viral particles then were constructed by employing the
transient three plasmid co-transfection system (Soneoka, et
al., Nucleic Acids Research, Vol. 23, pgs. 628—633 (1995))
except that the modified envelope plasmids 5'-3', (C-14,
C-19, C-24, C-29, C-34, C-39, C-44, C-49, C-54, and N-14
were employed. Plasmid CEE+ also was employed 1n this
example as a control. In this three plasmid co-transfection
system, 10 ug each of (1) pHI'T60; (11) pHIT110 or pHIT112;
and (1i1) CEE+ or 5'-3', C-14, C-19, C-24, C-29, C-34, C-39,
C-44, C-49, C-54, and N-14 were delivered by transient
transfection of 70% confluent 293T cells expressing SV40
T-antigen 1n 10 cm culture dishes using calcium phosphate
for 14-18 hours at 37° C., 5% CO,. Plasmid pHIT60,

provided by Dr. Paula Cannon, University of Oxford,
Oxford, United Kingdom, includes the SV40 origin of

replication and the retroviral gag-pol gene under the control
of a cytomegalovirus (CMV) promoter. Plasmid pHIT110,
also provided by Dr. Paula Cannon, includes a
B-galactosidase (LacZ) gene under the control of a CMV
promoter. Plasmid pHIT112, provided by Ling Li, USC
Gene Therapy Laboratories, Los Angeles, Calif., includes a
LacZ gene under the control of a hybrid CMV-LIR
promoter, and a neomycin resistance gene under the control
of the SV40 promoter. Plasmids pHIT60, pHIT110, and
pHIT112 are described further in Soneoka, et al. (1995). The
cultures then were treated with 6 ml of 10 mM sodium
butyrate for 10 to 12 hours to optimize viral production.
(Soneoka, et al. 1995.) The medium then was replaced with
D10 and cultures were maintained at 37° C. for another 12
hours before harvesting the viral supernatants. The resulting
viruses are referred to as CEE+ wild type, 5'-3', C-14, C-19,
C-24, C-29, C-34, C-39, C-44, C-49, C-54, and N-14.
Viral titers (in cfu/ml) were determined by G418 resistant
colony formation. 3x10* NIH 3T3 cells per 30 mm well
were plated 1n 3 ml of DMEM containing 10% {etal calf
serum (FCS). Such medium 1s known as D10. Eighteen to
twenty-four hours later, the medium was replaced by 1 ml of
serially diluted viral supernatant in the presence of Poly-
brene (8 ng/ml). After two hours of incubation at 37° C., an
additional 2 ml of D10 was added. At about 18 to 24 hours
post-transduction, the cells were selected for neomycin
resistance with D10 containing G418 (0.6 mg/ml) for 10
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days. Neomycin resistant colonies were scored by methyl-
ene blue staining.

For the chimeric envelope 5'-3', the virus titer was 1.7x
10°, comparable to the titer (4.0x10°) of virus bearing
wild-type ecotropic envelope protein. This result indicates
that the longer hypervariable polyproline did not seem to
disrupt envelope function. The virus pseudotyped with C-14
achieved a titer of 3.5x10°, suggesting that the length of the
hypervariable polyproline region closest to the original size

(SEQ ID NO:13)

(SEQ ID NO:14)

(SEQ ID NO:15)

(SEQ ID NO:16)

(SEQ ID NO:17)

(SEQ ID NO:18)

might serve the envelope function best; however, the N-14
mutant displayed a totally different phenotype. Although 1t
carried the same length of hypervariable polyproline as the

C-14 mutant, the virus titer was zero, which demonstrated
that the N-terminal conserved 14 amino acids are essential

for envelope function.

To test whether a longer hypervariable polyproline region
would affect surface/transmembrane stability, a Western
Blot was carried out to detect virion-associated envelope
protein. It has been demonstrated that a weak surface
protein/transmembrane protein interaction could be detected
by freezing and thawing the virus sample (Zhao and
Anderson, unpublished data). During this process, a large
amount surface protein can be shed into the medium 1f there
1s a weak 1nteraction between the surface protein and the

transmembrane protein, resulting 1n a lower ratio of surface
protein to transmembrane protein assoclated with the virion
particle compared with the wild-type envelope protein. 5'-3',
like CEE+ and C-14, displayed a wild-type level of envelope
protein and a surface protein/transmembrane protein ratio
associated with the viral particle (FIG. 3B), indicating that
the additional length of hypervariable polyproline (at least
up to 14 amino acids) did not seem to weaken the surface
protein/transmembrane protein interaction.

To map the minimal length of hypervariable polyproline
required for envelope protein function, serial truncations
were made as hereinabove described, extending from the
C-terminal toward the N-terminal end of the inserted
amphotropic hypervariable polyproline (FIG. 2). Deletion of
34 amino acids, C-34, still achieved a virus titer of about
1.0x10°, indicating that the envelope was almost as func-
tional as the wild-type ecotropic envelope protein. When the
deletion reached 39 amino acids from the C-terminal end of
the inserted amphotropic hypervariable polyproline (C-39),
the virus titer dropped ten-fold to 1.1x10°. Even a deletion
of 49 amino acids from the C-terminal end (C-49) reached
a titer of 2.0x10°. This result suggests that the envelope
protein remained functional even though the majority of the
hypervariable polyproline region was deleted. There was a
sudden decrease of virus titer to 0 when the deletion entered
8 amino acids into the N-terminal conserved region (C-54).
These results demonstrate that the hypervariable polyproline
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region, except for the conserved N-terminus, 1s flexible 1n
terms of length and sequence. Truncation of most of the
hypervariable polyproline region does not interfere drasti-
cally with envelope function; however, the N-terminal con-
served region 1s essential for viral ifectivity.

EXAMPLE 2

Detection of the serial deletion envelope mutants
associated with the viral particle

Western Blot analysis was carried out to examine the level
of the serial deletion envelope mutants with the viral particle
(FIG. 4). C-14 and C-19 contained envelope proteins in the
viral particle at a level comparable to the wild type CEE+
and 5'-3'. This 1s correlated with the observation that the
fiters of viruses pseudotyped with C-14 and C-19 were
similar to that of wild type CEE+. The envelope proteins
assoclated with C-24, C-29 and C-34 gradually decreased as
deletion went from 24 to 34 amino acids toward the
N-terminal end of the hypervariable polyproline, as evi-
denced by the decreased level of both surface and trans-
membrane subunits associated with the viral particle. This
indicates that a shortened hypervariable polyproline could
cause a lower level of envelope proteins to be incorporated
into the viral particle. Accordingly, there was a noticeable
drop of the virus titer with C-34. For the surface protein of
C-24, C-29 and C-34, 1n addition to a band detected at gp70
(surface) position, a band migrating at a higher position was
also observed, and the intensity of the band increased as
more amino acids were deleted. It 1s possible this band could
be an 1soform of gp70 or even uncleaved pr85 with an
altered glycosylation pattern that caused the different migra-
tion on the gel. Further deletions from 39 to 49 amino acids
toward the N-terminal conserved hypervariable polyproline
region (C-39, C-44 and C-49) result in a diminishing level
of surface protein at the gp70 position and a greatly
decreased amount of transmembrane subunit associated with
the viral particle. However, the intensity of the band migrat-
ing at the higher position increased to the extent that was
comparable to the level of envelope protein 1n the wild type
CEE+. This 1s not correlated to the lower viral titers of C-39,
C-44 and C-49. One explanation 1s that the surface protein
of such an abnormal migration has changed its antigenicity,
possibly due to an altered glycosylation pattern. Thereby 1t
interacts better with the antibody used in the Western Blot.
This could account for the unexpectedly high surface/
transmembrane ratio observed for C-39, C-44 and C-49.
C-54, which resulted from the deletion into the N-terminal
conserved region, did not contain any detectable surface and
transmembrane proteins i1n the virion particle. This result
reflects the zero virus titer observed for C-54 1n the trans-

duction assay (FIG. 2).

In summary, there was a general tendency toward a
decreased level of envelope protein incorporation when the
hypervariable polyproline region was shortened. This cor-
relates with lower virus fiter when the hypervariable
polyproline region was deleted.

EXAMPLE 3

Fusogenicity of the N-14 mutant

The hypervariable polyproline links region the N-terminal
variable and the C-terminal conserved portions of the sur-
face protein subunit. Because the N-terminal 14 amino acids
of the hypervariable polyproline region are highly conserved
between different species of murine leukemaia viruses, it was

10

15

20

25

30

35

40

45

50

55

60

65

138

considered that the N-terminal conserved region in the
hypervariable polyproline region might be mvolved 1n the
post-binding conformation change during viral entry. To test
this hypothesis, a fusion assay was carried out to test the
fusogenicity of the N-14 mutant. 293T cells expressing the
envelope protein were cocultured with highly fusogenic XC
indicator cells (ATCC No. CCL-165) that contained the
ecotropic receptor. Binding of the envelope protein with its
cognate receptor could trigger cell-cell fusion, generating
syncytia. If the N-terminal conserved region were mvolved
in post-binding events, the N-14 mutant would not trigger
fusion even 1f 1t retained an intact receptor binding domain
and could bind to the receptor on XC target cells.
Unexpectedly, this fusion assay showed that the N-14
mutant was as fusogenic as the wild-type envelope protein
(FIG. 5). This result suggested that the N-terminal conserved
region may not participate directly in the post-binding
conformation change.

EXAMPLE 4

Detection of N-14 envelope protein in producer cell
lysate and 1n viral particles

To determine whether the lack of mfectivity of the N-14
mutant was caused by a defect 1n protein processing, West-
ern Blot analysis was carried out to detect the envelope
protein 1n producer cell lysates and 1n viral particles. The
N-14 mutant, like the wild-type envelope protein (CEE+)
and the C-14 mutant, was processed normally from the
precursor to mature surface protein (FIG. 3A). FACS analy-
sis was also conducted to examine the cell surface expres-
sion of the envelope protein (FIG. 6). The N-14 mutant had
the same mean channel shift as the wild-type envelope
protein, mdicating that the envelope protein encoded by the
N-14 mutant was transported normally to the producer cell
surface. The virion-associated proteins also were analyzed
by Western Blot (FIG. 3B). Both the wild-type envelope
protemn and the C-14 mutant had a similar level of surface
protein and transmembrane protein associated with the viral
particle; however, the N-14 mutant had little surface protein
and transmembrane protein in the viral particle. Thus, the
N-14 mutant 1s not infectious because there 1s no envelope
protein on the surface of the virion to allow viral entry into
the target cell.

There are at least two possibilities that could result 1n the
lack of N-14 infectivity. Although the envelope protein was
processed correctly and transported to the cell surface, it
might not be incorporated into the viral particle during
assembly. The other possibility 1s that there may be a
significant shedding of surface protein from the viral particle
after the envelope protein 1s incorporated into viral particles.
Absence of surface protein could result in the unstable
assoclation of transmembrane protein with the virion
(Kimberly, et al., J. Virol., Vol. 67, pgs. 3489-3496 (1993)).
This event could account for the failure to detect any
transmembrane protein 1n viruses pseudotyped with N-14.

EXAMPLE 5

N-14 1s a temperature-sensitive mutant and can be
rescued by cotransfection with another envelope
mutant

There 1s no detectable N-14 envelope protein 1n the viral
particle. The harvest of viruses at 32° C. was attempted,
considering that envelope protein would be more stable at
this temperature. When assembly of virions pseudotyped
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with N-14 was carried out at 32° C., the virus titer, deter-
mined as hereinabove described, increased from 0 to 1.4x
10*. As a comparison, the titer for CEE+ at 32° C. was
1.4x10°. This result shows that N-14 is a temperature
sensitive mutant.

Western Blot analysis showed that the N-14 mutant was
incorporated into the virion particle at 32° C. (FIG. 7).
Compared with wild type CEE+, the level of surface and
transmembrane proteins in N-14 was much lower. Because
the transmembrane domain was not detectable 1n N-14 at
37° C., it was considered that N-14 more likely is an
incorporation mutant instead of a shedding mutant. In a
shedding mutant, the interaction between the surface and
fransmembrane domains 1s disrupted such that the surface
domain 1s separated from the transmembrane domain and
sheds from the virus. For such a mutant, a reduced amount
of surface domain or surface protein associated with the
viral particle was observed; however, the transmembrane
protein usually should still be present 1n the viral particle.

The N-14 also was cotransfected with the binding defec-
tive mutant D84K (MacKrell, et al., J. Virol., Vol. 70, pgs.
1768—1774 (1996) that contained an intact hypervariable
polyproline region including the N-terminal conserved
region. Cotransfection resulted in a virus titer of 2.0x10> at
37° C., which indicates that the temperature-sensitive phe-
notype of the N-14 mutant could be rescued by the D84K
mutant in trans. Because both the N-14 homo-oligomer and
the D84K homo-oligomer cannot give titer on 313 cells, the
rescue of the titer could be interpreted best as resulting from
the coexistence of N-del and D84K in a hetero-oligomer.

EXAMPLE 6

Insertion of a collagen binding peptide 1nto the
hypervariable polyproline region

Plasmid 5'-3' as described in Example 1, was modified by
the addition of Pstl and Stul cloning sites to form pEA
(pst-stu). As a result of such modification, the codon encod-
ing amino acid residue 35 of the polynucleotide encoding
the amphotropic hypervariable polyproline region encodes
glutamine (Gln) instead of asparagine (Asp), the codon
encoding amino acid residue 48 of the polynucleotide
encoding the amphotropic hypervariable polyproline region
encodes glycine (Gly) instead of threonine (Thr), and the
codon encoding amino acid residue 49 of the amphotropic
hypervariable polyproline region encodes leucine (Leu)
instead of serine (Ser).

Collagen binding domain sequences with linkers, herein-
after referred to Inserts 1 through 4, were 1nserted 1into pEA
(pst-stu).

Insert 1 1s a polynucleotide encoding the polypeptide
GHMWREPSFMALSGAS (SEQ ID NO:19). The sequence
was amplified using the following PCR primers:

Sense: 5'-CC TGA AGC ACC GCT CAG AGC CAT GAA
GCT CGG TTC GCG CCA CAT ATG GCC CTG CA-3
(SEQ ID NO:20)

Antisense: 5'-G GGC CAT ATG TGG CGC GAA CCGAGC
TTC ATG GCT CTG AGC GGT GCT TCA GG-3' (SEQ
ID NO:21)

Insert 2 1s a polynucleotide encoding the polypeptide
GAMWREPSFMALSGAS (SEQ ID NO:22). The sequence
was amplified using the following PCR primers:

Sense: 5'-G GGC GCT ATG TGG CGC GAA CCG AGC
TTC ATG GCT CTG AGC GCT TCA GG-3' (SEQ ID
NO:23)

Antisense: 5'-CC TGA AGC ACC GCT CAG AGC CAT
GAA GCT CGG TTC GCG CCA CAT AGC GCC CTG
CA-3' (SEQ ID NO:24)
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Insert 3 1s a polynucleotide encoding the same polypep-
tide as Insert 1. The sequence was amplified by using the
following PCR primers:

Sense: 5'-G GGC CAT ATG TGG CGC GAA CCG AGC
TTC ATG GCT CTG AGC GGT GCT AGC CTG CA-3
(SEQ ID NO:25)

Antisense: 5'-G GCT AGC ACC GCT CAGAGC CAT GAA
GCT CGG TTC GCG CCA CAT ATG GCC CTG CA-3
(SEQ ID NO:26)

Insert 4 1s a polynucleotide encoding the same polypep-
tide as Insert 2.

The sequence was amplified using the following PCR

Primers:
Sense: 5'-G GGC GCT ATG TGG CGC GAA CCG AGC

TTC ATG GCT CTG AGC GGT GCT AGC CTG CA-3

(SEQ ID NO:27)

Antisense: 5'-G GCT AGC ACC GCT CAGAGC CAT GAA
GCT CGG TTC GCG CCA CAT AGC GCC CTG CA-3
(SEQ ID NO:28)

PCR conditions for amplifying each of Inserts 1 through
4 were as follows: 94° C., 1 minute; 55° C., 10 seconds; 72°
C., 10 seconds; 35 cycles with a final extension at 72° C. for
5 minutes.

Plasmid pEA (pst-stu) was digested with Pstl and Stul,
and ligated to the annealed oligonucleotides containing
Insert 1 or Insert 2. The presence of the proper insert was
confirmed by DNA sequencing. In the resulting plasmids,
the polynucleotide encoding amino acid residues 34 to 49 of

the amphotropic hypervariable polyproline region has been
replaced with a polynucleotide encoding GHMWREPSE-

MALSGAS or GAMWREPSFMALSGAS. The resulting
plasmids are known as pEA (Insert 1) and pEA (Insert 2),
respectively.

Plasmid pEA also was digested with Pstl, and ligated to
Insert 3 or Insert 4. The presence of the proper insert was
confirmed by DNA sequencing. In the resulting plasmids,

known as pEA (Insert 3) and pEA (Insert 4), respectively, a
polynucleotide encoding GHMWREPSFMALSGAS or

GAMWREPSFMALSGAS 1s inserted between codon 35
and codon 36 of the amphotropic hypervariable polyproline
region.

Viral particles then were constructed by employing the
transient three plasmid co-transfection system (Soneoka, et
al., Nucleic Acids Research, Vol. 23, pgs. 628—633 (1995))
except that the modified envelope plasmids pEA, pEA
(Insert 1), pEA (Insert 2), pEA (Insert 3), or pEA (Insert 4)
were employed. Plasmid CEE+ also was employed 1n this

example as a control. In this three plasmid co-transfection
system, 10 ug each of (1) pHIT60; (11) pHIT110 or pHIT112;

and (ii1) CEE+ or pEA, pEA (Insert 1), pEA (Insert 2), pEA
(Insert 3), or pEA (Insert 4) were delivered by transient
transfection of 70% confluent 293T cells expressing SV40
T-antigen 1n 10 cm culture dishes using calcium phosphate
for 14-18 hours at 37° C., 5% CO,. Plasmid pHIT60,
provided by Dr. Paula Cannon, University of Oxford,
Oxford, United Kingdom, includes the SV40 origin of
replication and the retroviral gag-pol gene under the control
of a cytomegalovirus (CMV) promoter. Plasmid pHIT110,
also provided by Dr. Paula Cannon, includes a
B-galactosidase (LacZ) gene under the control of a CMV
promoter. Plasmid pHIT112, provided by Ling Li, USC

Gene Therapy Laboratories, Los Angeles, Calif., includes a
LacZ gene under the control of a hybrid CMV-LTR

promoter, and a neomycin resistance gene under the control
of the SV40 promoter. Plasmids pHIT60, pHIT110, and
pHIT112 are described further in Soneoka, et al. (1995). The

cultures then were treated with 6 ml of 10 mM sodium
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butyrate for 10 to 12 hours to optimize viral production.
(Soneoka, et al. 1995.) The medium then was replaced with
D10 and cultures were maintained at 37° C. for another 12
hours before harvesting the viral supernatants. The resulting
viruses are referred to as CEE wild type, CEE (CAE Hinge),
Insert 1 virus, Insert 2 virus, Insert 3 virus, and Insert 4 virus.

Viral titers were determined based on expression of the
ncomycin resistance and/or the [-galactosidase reporter
genes. 2.5x10% NIH 3T3 cells were plated in each of 6-well
plates one day prior to transduction. The medium was
replaced with 1 ml of serial dilutions of viral supernatant
with 8 ug/ml Polybrene for 2 hours, after which 1 ml of fresh
D10 was added to the cultures, which then were maintained
overnight at 37° C., 5% CO,, after which G418 (800 zg/ml)

was added and G418 resistant colonies were counted 10
days later and expressed as G418-resistant colony-forming
units (cfu)/ml. For expression of 3-galactosidase, the respec-
five cultures were stained with X-gal 48 hours after trans-
duction of NIH 3713 cells. Viral titers for each virus are given

in Table I below.

TABLE 1

Virus Titer

3.8 x 10°+ 028 x 1
2.3x10°+127x 1
1.4 x 10° £ 0.14 x 1
1.5 x 10° + 0.56 x 10°
1.6 x 10° + 0.14 x 10°
1.1 x 10° =+ 0.14 x 10°

CEE wild type
CEE (CAE Hinge)
Insert 1 virus
Insert 2 virus
[nsert 3 virus
Insert 4 virus

100 ul of viral supernatant, containing Insert 1 virus,
Insert 2 virus, or CEE wild type virus, were placed on
collagen-coated wells at room temperature for 30 minutes,
washed twice with 1x PBS (sodium phosphate buffer, pH
7.4), and then tested for the presence of collagen-bound
virions using a modified ELISA assay with a rat monoclonal
antibody 83A25 (Evans, et al., J. Virol., Vol. 64, No. 12, pgs.
6176—6183 (1990)), a secondary goat anti-rat IgG (1:50
dilution; Zymed, Inc.) that recognized the primary and
tertiary antibody, and a tertiary rat peroxidase anti-
peroxidase antibody (1:50 dilution, Sternberger-Mayer, Inc.)
The primary antibody was imcubated for 1 hour at room
temperature and the secondary and tertiary antibodies were
incubated for 30 minutes at room temperature. After treat-
ment with each antibody, the wells were washed once with
PBS. Immunoprecipates were identified microscopically
after incubation with the chromogen diaminobenzidine.
Such ELISA assay also 1s described further in Press, et al.,
Cancer Research, Vol. 53, pgs. 49604970 (1993). As
shown 1n FIG. 8, lanes 1 and 2, containing collagen and
Insert 1 virus and Insert 2 virus, respectively, were positive

SEQUENCE LISTING

(1) GENERAL INFORMATION:

(111) NUMBER OF SEQUENCES: 41

(2) INFORMATION FOR SEQ ID NO: 1:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 60 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS:
(D) TOPOLOGY: 1linear
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for collagen-bound virus, while lanes 3—6 were negative for
collagen-bound wvirus. Lane 3 contained collagen and
DMEM plus 10% FBS (blank control). Lane 4 contained
collagen and CEE wild type virus, Lanes 5 and 6 did not
contain collagen, but did contain Insert 1 virus and Insert 2
virus, respectively. We observed that Insert 1 virus bound to
the collagen-coated plate more strongly than Insert 2 virus.
Insert 1 virus contained a histidine residue 1n the collagen-
binding domain. Histidine residue 1s usually exposed on the
surface of protein. Existence of the histidine residue would
therefore help the exposure of the collagen-binding domain
to the surface of the envelope protein. This could account for
the observed tighter binding of Insert 1 virus to the colage-
coated plate From the above results, it 1s shown that virions
pseudotyped with envelopes bearing a collagen-binding
domain at the hypervariable polyproline region of gp70 were
bound to collagen, while wild type CEE virions were
washed away.

EXAMPLE 7

Transduction of NIH 3T3 cells by collagen-bound
viruses pseudotyped by the chimeric envelopes

In order to ivestigate whether the viruses pseudotyped
with the chimeric envelope protein can transduce 313 cells
after binding to the collagen, Insert 1 virus and Insert 3 virus
were bound to collagen coated plates. After washing by
PBS, the collagen coated wells were overlayed with NIH
3T3 cells. After 48 hours of incubation, the cells were
stained by X-gal to determine the transduction. The results
showed that the transduction efficiency for the viruses
pseudotyped with the chimeric envelope was about 5% for
Insert 1 virus and about 15% for Insert 3 virus. As a control,
the viruses pseudotyped by wild type CEE+ could not
transduce 313 cells because the viruses could not bind to the
collagen coated plate.

The disclosures of all patents, publications (including
published patent applications), database accession numbers,
and depository accession numbers referenced 1n this speci-
fication are specifically incorporated herein by reference 1n
their enfirety to the same extent as if each such individual
patent, publication, database accession number, and deposi-
tory accession number were specifically and individually
indicated to be incorporated by reference.

It 1s to be understood, however, that the scope of the
present 1nvention 1s not to be limited to the specific embodi-
ments described above. The invention may be practiced
other than as particularly described and still be within the
scope of the accompanying claims.
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—continued

(11) MOLECULE TYPE: polypeptide

(ix) FEATURE:
(A) NAME/KEY:Hypervariable polyproline region of amphotropic
gp70 protein

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 1:

Gly Pro Arg Val Pro Ile Gly Pro Asn Pro
1 5 10
Val Leu Pro Asp Gln Arg Leu Pro Ser Ser
15 20
Pro Ile Glu Ile Val Pro Ala Pro Gln Pro
25 30
Pro Ser Pro Leu Asn Thr Ser Tyr Pro Pro
35 40
Ser Thr Thr Ser Thr Pro Ser Thr Ser Pro
45 50
Thr Ser Pro Ser Val Pro Gln Pro Pro Pro
55 60
(2) INFORMATION FOR SEQ ID NO: 2:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 180 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: 1linear
(11) MOLECULE TYPE: polynucleotide

(ix) FEATURE:
(A) NAME/KEY:polynucleotide encoding hypervariable polyproline
region of amphotropic gp 70

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 2:

GGACCCCGAG TCCCCATAGG GCCCAACCCA GTATTACCCG ACCAAAGACT CCCTTCCTCA 60
CCAATAGAGA TTGTACCGGC TCCACAGCCA CCTAGCCCCC TCAATACCAG TTACCCCCCT 120
TCCACTACCA GTACACCCTC AACCTCCCCT ACAAGTCCAA GTGTCCCACA GCCACCCCCA 180

(2) INFORMATION FOR SEQ ID NO: 3:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 34 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: 1linear

(11) MOLECULE TYPE: polynucleotide

(ix) FEATURE:
(A) NAME/KEY:PCR primer
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3:

GACCTCCTAG GACCCCGAGT CCCCATAGGG CCCA 34

(2) INFORMATION FOR SEQ ID NO: 4:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 37 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(11) MOLECULE TYPE: polynucleotide

(ix) FEATURE:
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(A) NAME/KEY:PCR primer
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:

CGGTAGCCGGE CTGGGGEGETGE CTGTGGGACA CTTGGAC

(2) INFORMATION FOR SEQ ID NO: 5:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 35 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(11) MOLECULE TYPE: polynucleotide

(ix) FEATURE:
(A) NAME/KEY:PCR primer

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:

CGGTAGCCGG CGGGETGTACT GGTAGTGGAG GGGGGE

(2) INFORMATION FOR SEQ ID NO: 6:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 36 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: 1linear
(11) MOLECULE TYPE: polynucleotide

(ix) FEATURE:
(A) NAME/KEY:PCR primer

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:

CGGTAGCCGGE CGGAAGGGGGE GTAACTGGTA TTGAGG

(2) INFORMATION FOR SEQ ID NO: 7/:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 36 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(11) MOLECULE TYPE: polynucleotide

(ix) FEATURE:
(A) NAME/KEY:PCR primer

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:

CGGTAGCCGGE CGGTATTGAG GGGGCTAGGT GGCTGT

(2) INFORMATION FOR SEQ ID NO: §:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 36 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: 1linear
(11) MOLECULE TYPE: polynucleotide

(ix) FEATURE:
(A) NAME/KEY:PCR primer

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:

CGGTAGCCGGE CAGGTGGLCTGEG TGGAGCCGGET ACAATC

(2) INFORMATION FOR SEQ ID NO: 9:

6,004,798
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(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 36 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: 1linear

(11) MOLECULE TYPE: polynucleotide

(ix) FEATURE:
(A) NAME/KEY:PCR primer

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:

CGGTAGCCGGE CCGGTACAAT CTCTATTGGT GAGGAA

(2) INFORMATION FOR SEQ ID NO: 10:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 36 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: 1linear

(11) MOLECULE TYPE: polynucleotide

(ix) FEATURE:
(A) NAME/KEY:PCR primer

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:

CGGTAGCCGGE CTGGETGAGGA AGGGAGTCTT TGGTCG

(2) INFORMATION FOR SEQ ID NO: 11:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 43 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: 1linear

(11) MOLECULE TYPE: polynucleotide

(ix) FEATURE:
(A) NAME/KEY:PCR primer

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:

6,004,798
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9.

10 ¢

11:

GGTCCTAGGA CCCCTCCCTT CCTCACCAAT AGAGATTGTA CCG

(2) INFORMATION FOR SEQ ID NO: 12:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 37 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(11) MOLECULE TYPE: polynucleotide

(ix) FEATURE:
(A) NAME/KEY:PCR primer

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:

CGGTAGCCGG CTGGEGEGEGETGGE CTGTGGGACA CTTGGAC

(2) INFORMATION FOR SEQ ID NO: 13:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 51 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(11) MOLECULE TYPE: polynucleotide
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(ix) FEATURE:
(A) NAME/KEY:PCR primer

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:

CTAGGACCCC GAGTCCCCAT AGGGCCCAAC CCAGTATTAC CCGACCAAAG A

(2) INFORMATION FOR SEQ ID NO: 14:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 52 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(11) MOLECULE TYPE: polynucleotide

(ix) FEATURE:
(A) NAME/KEY:PCR primer

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:

CTGGGGCTCA GGGGTATCCC GGGETTGGGTC ATAATGGGCT GGTTTCTCGG CC

(2) INFORMATION FOR SEQ ID NO: 15:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 37 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: 1linear
(11) MOLECULE TYPE: polynucleotide

(ix) FEATURE:
(A) NAME/KEY:PCR primer

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:

CTAGGACCCC GAGTCCCCAT AGGGCCCAAC CCAGTAG

(2) INFORMATION FOR SEQ ID NO: 16:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 37 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(11) MOLECULE TYPE: polynucleotide

(ix) FEATURE:
(A) NAME/KEY:PCR primer

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:

CTGGGGCTCA GGGGTATCCC GGGETTGGGETC ATCGGCC

(2) INFORMATION FOR SEQ ID NO: 17:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 22 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: 1linear
(11) MOLECULE TYPE: polynucleotide

(ix) FEATURE:
(A) NAME/KEY:PCR primer

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:

CTAGGACCCC GAGTCCCCAT AG

13:

14

15

16

17:
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(2) INFORMATION FOR SEQ ID NO: 18:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 22 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: 1linear
(11) MOLECULE TYPE: polynucleotide

(ix) FEATURE:
(A) NAME/KEY:PCR primer

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:

CTGGGGCTCA GGGGTATCGG CC

(2) INFORMATION FOR SEQ ID NO: 19:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 16 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS:
(D) TOPOLOGY: 1linear

(11) MOLECULE TYPE: polypeptide
(x1) SEQUENCE DESCRIPTION: SEQ ID NO:

Gly His Met Trp Arg Glu Pro Ser Phe Met
1 5 10

Ala Leu Ser Gly Ala Ser
15
(2) INFORMATION FOR SEQ ID NO: 20:
(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 55 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: 1linear

(11) MOLECULE TYPE: polynucleotide

(ix) FEATURE:
(A) NAME/KEY:PCR primer

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:

CCTGAAGCAC CGCTCAGAGC CATGAAGCTC GGTTCGCGCC ACATATGGCC CTGCA

(2) INFORMATION FOR SEQ ID NO: 21:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 51 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(11) MOLECULE TYPE: polynucleotide

(ix) FEATURE:
(A) NAME/KEY:PCR primer

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:

18

19

20

21
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GGGCCATATG TGGCGCGAAC CGAGCTTCAT GGCTCTGAGC GGTGCTTCAG G

(2) INFORMATION FOR SEQ ID NO: 22:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 16 amino acids

(B) TYPE: amino acid
(C) STRANDEDNESS:
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(D) TOPOLOGY: 1linear
(11) MOLECULE TYPE: polypeptide
(x1) SEQUENCE DESCRIPTION: SEQ ID NO:

Gly Ala Met Trp Arg Glu Pro Ser Phe Met
1 5 10

Ala Leu Ser Gly Ala Ser
15
(2) INFORMATION FOR SEQ ID NO: 23:
(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 48 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: 1linear

(11) MOLECULE TYPE: polynucleotide

(ix) FEATURE:
(A) NAME/KEY:PCR primer

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:

22

23
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GGGCGCTATG TGGCGCGAAC CGAGCTTCAT GGCTCTGAGC GCTTCAGG

(2) INFORMATION FOR SEQ ID NO: 24:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 55 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(11) MOLECULE TYPE: polynucleotide

(ix) FEATURE:
(A) NAME/KEY:PCR primer

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:

CCTGAAGCAC CGCTCAGAGC CATGAAGCTC GGTTCGCGCC ACATAGCGCC CTGCA

(2) INFORMATION FOR SEQ ID NO: 25:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 54 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: 1linear

(11) MOLECULE TYPE: polynucleotide

(ix) FEATURE:
(A) NAME/KEY:PCR primer

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:

24

25

GGGCCATATG TGGCGCGAAC CGAGCTTCAT GGCTCTGAGC GGETGCTAGCC TGCA

(2) INFORMATION FOR SEQ ID NO: 26:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 54 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(11) MOLECULE TYPE: polynucleotide

(ix) FEATURE:
(A) NAME/KEY:PCR primer

34
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—continued

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 26:

GGCTAGCACC GCTCAGAGCC ATGAAGCTCG GTTCGCGCCA CATATGGCCC TGCA

(2) INFORMATION FOR SEQ ID NO: 27:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 54 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: 1linear

(11) MOLECULE TYPE: polynucleotide

(ix) FEATURE:
(A) NAME/KEY:PCR primer

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 27:

GGGCGCTATG TGGCGCGAAC CGAGCTTCAT GGCTCTGAGC GGTGCTAGCC TGCA

(2) INFORMATION FOR SEQ ID NO: 28:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 54 bases
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: 1linear
(11) MOLECULE TYPE: polynucleotide

(ix) FEATURE:
(A) NAME/KEY:PCR primer

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 28:

GGCTAGCACC GCTCAGAGCC ATGAAGCTCG GTTCGCGCCA CATAGCGCCC TGCA

(2) INFORMATION FOR SEQ ID NO: 29:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 45 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS:
(D) TOPOLOGY: linear

(11) MOLECULE TYPE: polypeptide

(ix) FEATURE:

(A) NAME/KEY:Ecotropic hypervariable polyproline region of a

retroviral envelope
(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 29:

Gly Pro Arg Val Pro Ile Gly Pro Asn Pro
1 5 10

Val Leu Ala Asp Gln Gln Pro Leu Ser Lys
15 20

Pro Lys Pro Val Lys Ser Pro Ser Val Thr
25 30

Lys Pro Pro Ser Gly Thr Pro Leu Ser Pro
35 40

Thr Gln Leu Pro Pro
45

(2) INFORMATION FOR SEQ ID NO: 30:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 46 amino acids
(B) TYPE: amino acid

(C) STRANDEDNESS:
(D) TOPOLOGY: linear
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Gly

val

Pro

Pro

Ser

(2)

Gly

val

Pro

Pro

Ser

(2)

Gly

val

Pro

Pro

(2)

37

(11) MOLECULE TYPE:
(x1) SEQUENCE DESCRIPTION:

Pro Arg Val Pro Ile Gly Pro
5

Leu Pro Asp Gln Arg Leu Pro
15

Ile Glu Ile Val Pro Ala Pro
25

Ser Pro Leu Asn Thr Ser Tyr
35

Thr Thr Ser Thr Pro
45

INFORMATION FOR SEQ ID NO:

polypeptide

SEQ

Asn

Ser

Gln

Pro

31:

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH:

(B) TYPE:

(C) STRANDEDNESS:

(D) TOPOLOGY: 1linear
(11) MOLECULE TYPE:
(x1) SEQUENCE DESCRIPTION:

Pro Arg Val Pro Ile Gly Pro
5

Leu Pro Asp Gln Arg Leu Pro
15

Tle Glu Ile Val Pro Ala Pro
25

Ser Pro Leu Asn Thr Ser Tyr
35

INFORMATION FOR SEQ ID NO:

polypeptide

SEQ

Asn

Ser

Gln

Pro

32

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH:
(B) TYPE:
(C) STRANDEDNESS:

(D) TOPOLOGY: 1linear
(11) MOLECULE TYPE: polypeptide
(x1) SEQUENCE DESCRIPTION: SEQ

Pro Arg Val Pro Ile Gly Pro Asn

5

Leu Pro Asp Gln Arg Leu Pro Ser

15

ITle Glu Ile Val Pro Ala Pro Gln

25

Ser Pro Leu Asn Thr
35

INFORMATION FOR SEQ ID NO:

33:

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH:
(B) TYPE:

(C) STRANDEDNESS:
(D) TOPOLOGY:

linear

ID NO:

Pro
10

Ser
20

Pro
30

Pro
40

41 amino acids
amino acid

ID NO:

Pro
10

Ser
20

Pro
30

Pro
40

36 amino acids
amino acid

ID NO:

Pro
10

Ser
20

Pro
30

31 amino acids
amino acid

30

31

32
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(11) MOLECULE TYPE: polypeptide
(x1) SEQUENCE DESCRIPTION: SEQ ID NO:

Gly Pro Arg Val Pro Ile Gly Pro Asn Pro
1 5 10

Val Leu Pro Asp Gln Arg Leu Pro Ser Ser
15 20

Pro Ile Glu Ile Val Pro Ala Pro Gln Pro
25 30

Pro

(2) INFORMATION FOR SEQ ID NO: 34:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 26 amino acids
(B) TYPE: amino acid

(C) STRANDEDNESS:
(D) TOPOLOGY: 1linear

(11) MOLECULE TYPE: polypeptide
(x1) SEQUENCE DESCRIPTION: SEQ ID NO:

Gly Pro Arg Val Pro Ile Gly Pro Asn Pro
1 5 10

Val Leu Pro Asp Gln Arg Leu Pro Ser Ser
15 20

Pro Ile Glu Ile Val Pro
25

(2) INFORMATION FOR SEQ ID NO: 35:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS:
(D) TOPOLOGY: 1linear

(11) MOLECULE TYPE: polypeptide
(x1) SEQUENCE DESCRIPTION: SEQ ID NO:

Gly Pro Arg Val Pro Ile Gly Pro Asn Pro
1 5 10

Val Leu Pro Asp Gln Arg Leu Pro Ser Ser
15 20

Pro

(2) INFORMATION FOR SEQ ID NO: 36:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 16 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS:
(D) TOPOLOGY: 1linear

(11) MOLECULE TYPE: polypeptide
(x1) SEQUENCE DESCRIPTION: SEQ ID NO:

Gly Pro Arg Val Pro Ile Gly Pro Asn Pro
1 5 10

Val Leu Pro Asp Gln Arg
15

33

34
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36
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(2) INFORMATION FOR SEQ ID NO: 37:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 11 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS:
(D) TOPOLOGY: 1linear

(11) MOLECULE TYPE: polypeptide
(x1) SEQUENCE DESCRIPTION: SEQ ID NO:

Gly Pro Arg Val Pro Ile Gly Pro Asn Pro
1 5 10

val

(2) INFORMATION FOR SEQ ID NO: 38:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 6 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS:
(D) TOPOLOGY: 1linear

(11) MOLECULE TYPE: polypeptide
(x1) SEQUENCE DESCRIPTION: SEQ ID NO:
Gly Pro Arg Val Pro Ile
1 5
(2) INFORMATION FOR SEQ ID NO: 39:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 46 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS:
(D) TOPOLOGY: linear
(11) MOLECULE TYPE: polypeptide

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:

Gln Arg Leu Pro Ser Ser Pro Ile Glu Ile
1 5 10

val Pro Ala Pro Gln Pro Pro Ser Pro Leu
15 20

Asn Thr Ser Tyr Pro Pro Ser Thr Thr Ser
25 30

Thr Pro Ser Thr Ser Pro Thr Ser Pro Ser
35 40

Vval Pro Gln Pro Pro Pro
45

(2) INFORMATION FOR SEQ ID NO: 40:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 16 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS:
(D) TOPOLOGY: 1linear

(11) MOLECULE TYPE: polypeptide
(x1) SEQUENCE DESCRIPTION: SEQ ID NO:

Cys Gln Ala Gly Thr Phe Ala Leu Arg Gly
5 10

Asp Asn Pro Gln Gly Cys
15
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—continued

(2) INFORMATION FOR SEQ ID NO: 41:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 15 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS:
(D) TOPOLOGY: 1linear

(11) MOLECULE TYPE: polypeptide

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 41:

Gly Glu Arg Gly Asp Gly Ser Phe Phe Ala
5 10

Phe Arg Ser Pro Phe
15

What 1s claimed 1s:

1. A retroviral vector particle having a modified retroviral
envelope polypeptide, said retroviral envelope polypeptide
including the hypervariable polyproline region, wherein said
hypervariable polyproline region 1s modified to include a
targeting polypeptide including a binding region which
binds to a ligand, and said retroviral vector particle including,
at least one polynucleotide encoding a therapeutic agent.

2. The retroviral vector particle of claim 1 wherein prior
to modification the hypervariable polyproline region of said
envelope has the sequence (SEQ ID NO:1), and in the
modified polypeptide, amino acid residues 34 through 49 of
(SEQ ID NO:1) are removed and replaced with the targeting
polypeptide.

3. The retroviral vector particle of claim 1 wherein prior
to modification the hypervariable polyproline region of said
envelope has the sequence (SEQ ID NO:1), and in the
modified polypeptide, amino acid residue 35 1s changed
from asparagine to glutamine, amino acid residue 48 1is
changed from threonine to glycine, and amino acid residue
49 1s changed from serine to leucine, and the targeting
polypeptide 1s inserted between amino acid residues 35 and
36 of (SEQ ID NO:1).

4. The retroviral vector particle of claim 1 wherein said
ligand 1s an extracellular matrix component.

5. The retroviral vector particle of claim 4 wherein said
extracellular matrix component 1s collagen.

6. The retroviral vector particle of claim 5 wheremn said
binding region which binds to collagen has the following
structure: Trp-Arg-Glu-Pro-Ser-Phe-Met-Ala-Leu-Ser.

7. A modified polynucleotide encoding a modified retro-
viral envelope polypeptide, said retroviral envelope
polypeptide including the hypervariable polyproline region,
wherein, prior to modification, the polynucleotide encoding,
the hypervariable polyproline region encodes a hypervari-
able polyproline region having the sequence (SEQ ID
NO:1), and in the modified polynucleotide, the codons
encoding amino acid residues 34 through 49 of (SEQ ID
NO:1) are removed and replaced with the polynucleotide
encoding said targeting polypeptide.

8. A retroviral plasmid vector mcluding the modified
polynucleotide of claim 7.

9. A producer cell for producing a retroviral vector
particle having a modified envelope polypeptide, said pro-
ducer cell including the modified polynucleotide of claim 7.

10. A method of generating retroviral vector particles,
comprising:
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(a) transfecting a cell line selected from the group con-
sisting of (1) a pre-packaging cell line including poly-
nucleotides encoding the gag and pol retroviral pro-
teins; and (i1) a packaging cell line including
polynucleotides encoding the gag, pol, and env retro-
viral proteins with the retroviral plasmid vector of
claim 8 to form a producer cell line; (b) culturing said
producer cell line to generate retroviral vector particles;
and (c) recovering said retroviral vector particles gen-
erated from said producer cell line.

11. A modified polynucleotide encoding a modified ret-
roviral envelope polypeptide, said retroviral envelope
polypeptide including the hypervariable polyproline region,
wherein, prior to modification, the polynucleotide encoding
the hypervariable polyproline region encodes a hypervari-
able polyproline region having the sequence (SEQ ID
NO:1), and in the modified polynucleotide, the codon encod-
ing amino acid residue 35 1s changed such that the codon
encoding amino acid residue 35 encodes glutamate, the
codon encoding amino acid residue 48 1s changed such that
the codon encoding amino acid residue 48 encodes glycine,
and the codon encoding amino acid residue 49 1s changed
such that the codon encoding amino acid residue 49 encodes
leucine, and the polynucleotide encoding the targeting
polypeptide 1s 1nserted between the codon encoding amino
acid residue 35 and the codon encoding amino acid residue
36 of (SEQ ID NO: 1).

12. A retroviral plasmid vector including the modified
polynucleotide of claim 11.

13. A producer cell for producing a retroviral vector
particle having a modified envelope polypeptide, said pro-
ducer cell mcluding the modified polynucleotide of claim
11.

14. A method of generating retroviral vector particles,
comprising:

(a) transfecting a cell line selected from the group con-
sisting of (1) a pre-packaging cell line including poly-
nucleotides encoding the gag and pol retroviral pro-
teins; and (i1) a packaging cell line including
polynucleotides encoding the gag, pol, and env retro-
viral proteins with the retroviral plasmid vector of
claim 12 to form a producer cell line; (b) culturing said
producer cell line to generate retroviral vector particles;
and (c) recovering said retroviral vector particles gen-
erated from said producer cell line.
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